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A PREFATORY LETTER. 



My deab Tyndall, 

I should have liked to provide this collection 
of •* Lay Sermons, Addresses, and Reviews," with a 
Dedication and a Preface. In the former, I should have 
asked you to allow me to associate your name with the 
book, chiefly on the ground that the oldest of the papers 
in it is a good deal younger than our friendship. In 
the latter, I intended to comment upon certain criticisms 
with which some of these Essays have been met 

But^ on turning the matter over in jaj mind, I began 

to fear that a formal dedication at the beginning of such 

a volume would look like a grand lodge ia front of a set 

:iii cottages ; while a complete defence of any of my old 

papers would simply amotmt to writing a new one — a 

labour for which I am, at present, by no means fltL 

^: The book must go forth, therefor^ without any better 

j substitute for either Dedication, or Preface, than thia 

j letter ; before concluding which it is necessary for me 

3 to notify yoUf and any other reader, of two or three 

^ matters. 
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The first la, that the oldest Essay of the whole, thai 
"On the Educational Value of the Natural History" 
Sciences,* contains a view of the nature of tlie differences 
between living aud not-living bodies out of which I have_ 
long since grown. 

Secondly, in the same paper, there is a statement coon 
cerniiig the method of the mathematical sciencea, wMel 
repeated and expanded elsewhere, brought upon 
during the meeting of the British Association at Eietei 
the artillery of our emioeiit fi^end Professor Sylvester. 

No one knows better than you do, how readily 
should defer to the opinion of so great a matlicmaticiE 
if the question at issue were really, ag he seems to 
it is, a mathematical one. But I submit, that the dictui 
of a mathematical athlete upon a difficult problem whic 
mathematics oflers to p}ulosophy, has no more specis 
weight, than the verdict of that great pedestrian Captai 
Barclay would have had, in settling a disputed point in] 
the physiology of locomotion. 

The genius which eighs for new worlds to conque 
beyond that surprising region in which "geometry 
algebra, and the theory of numbers melt into oneanothei 
like Bianset tints, or the colours of a dying dolphin," ma] 
be of comparatively little service in the cold domainJ 
(mostly lighted by the moon, some say) of philosc 
And the more I think of it, the more does our frient 
seem to me to fall into the position of one of thoa 
" verstilndige Leute," about -whom he makes so apt 
L quotation from Gotithe. Surely he has not duly con- 
1 sidered two pointii. The first^ that I am in no wa] 
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Answerable for the origination of the doctrine he criU^ 
clses : and the second, that if we are to employ tt 
terms observation, induction, and experiment, in th< 
86D&e in which he usca them, logic ifi SA much an 
obfiervataonal, inductive, and experimental science 
mathematics; and that, I confess, appears to me to 
a reductio ad absurdum of his argument 

Thirdly, the Essay " On the Physical Baaisof Life" we 
intended to contain a plain and untechnical st^itement 
one of the great tendencies of modem biological thought 
accompanied by a protest, from the philosophical side,^ 
against what is commonly called Materialism. Th^^ 
result of my well-meant efforts I finvl to be, that I aid| 
generally credited with having invented "protoplasm" 
in the interests of " materialism." My nnlucty " Lay 
Sennon" has been attacked by microscopists, ignorant 
alike of Biology and Philosophy ; by philosophers, not 
very learned in either Biology or Microscopy ; by clergy- 
men of several denominations ; and by some few writers^ 
who have taken the trouble to understand the subject." 
I trust that these last will believe that I leave the Esaay 
unaltered from no want of respectful attention to aU they 
have said. 

Fourthly, I wish to refer all who are interested 
the topics discussed in my address on "Geological Ee-J 
form," to the reply with which Sir William Thomson 
honoured me. 

And, lastly, let me say that I reprint the review ot 
"The Origin of Species" simply because it has been 
cited aa mine by a late Fi-esideut of the Geological Societ^r, 
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If yon find its pliraseology, in Bome places, to be more 
vigorous than seems needfiil, recollect that it was written 
in the heat of our first babtles over the Novum Organon 
of Biology ; that we were all ten years younger in those 
days ; and last, but not least, that it was not published 
until it had been submitted to the revision of a Mend 
for whose judgment I had then, as I have now, the 
greatest respect. 

Ever, my dear TYin>ALL, 

Tours veiy fSuthfiiUy, 

T. H. HUSLEY. 
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ON THE ADVTSABLENESS OF IMPROVING 
UATURAL KNOWLEDGE. 

This time two liun^red years ago— in tlie lieginning 
Jaiiuarj', IGGS*— those of our forefathers who inhabited 
this great and finoieat cii^y .taok breath between thoT 
Bhocka of two <eal=fUl:calamitteh i-'one not quite paatj 
Although its fuiy .li^ abittcd ; -tjie. other to come. 

Wi&n a-'fewVyurds of the vety'sp^t on which 
an assembled, so the tradition, mm, that painful' 
and deadly.' maliwly, the plague, appfared in the latter 
months of 1^^ ; and, though no new visitor, smote the 
people of EntfTand, and especially b?.'.iier capital, with 
a violence untjjd'if n before, in tha .ctw^itse of the following 
year. He haiad.of a master has jftctured what happened 
m those dismof iVditth's ; and In chat truest of fictions, 
"The History of tbo-'Plague.'year," Defoe shows death, 
with every accoraponiraent of pain and terror, stalking 
through the narrow streets of old London, and changing 
their buw hum into a silence broken only by the 
wailing of the moumera of fifty thousand dead ; by the 
wofui denunciations and mftd prayers of fanatics ; audH 
by the madder yclla of despairing profligates. ^| 

But, about this time in 1666, the death-rate had 
sunk to nearly its ordinary amount ; a case of plague 
occurred only here and there, and the richer citizt:i 
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who Lad flown from the peat had returned to their 
dwellings. The remnant of tlie people began to toil 
at the accuatomed round of duty, or of pleasure; and^ 
the Btream of city life bid fair to flow back along it 
old bed, with renewed and uuinterruptcd vigour. 

The newly kindled hope was deceitful. The grea^ 
plague, indeed, retiimcd no more ; bat what it 
done for the Londoners, the great fire, which brok« 
out in the autumn of IGIJG, did for London ; and, inj 
September of that year, a heap of ashes and the inde4 
Btructible energy of the people were all that remaine< 
of tho glory of five-sixths of the city within the walla. 

Our forefathers had their own ways of accounting 
for each of these calamitifi^. ' * TJiey submitted to the 
plague in humility ai\d-*i^.:peniteinfe,*,iTir they believed] 
it to be the judgra'eiifi'vF.God.' ■'ERit;''Vw'ara6 tho 
they were furiously '.jnrlignant, interpreting it as the 
effect of the taahce -of man, — aa the w^rk of t? 
Republicans, or .'of the Papists, according as their pr 
poSBesaious ran iir-fap^jur of loyalty or of :f uritanism, 

It would, I fanejr!;- have fared but ill 'witfi one whc 
standing where r-nop?. stand, in what.*«w;"^n a thickl] 
[^^«opleJ and faahiijrutjji^ ._^rt pi- London," should hav« 
broached to our arieeafoiB ytbe docttjilu' which I now 
propound to you — that -^1 'their hypotheses were alik« 
wrong ; that the plague waa no" more, in their eensq! 
Divine judgment, thau the fire was the work of any poli-j 
tical, or of any religious, sect ; but that they were them- 
selves the authors of both plague and fire, and that theyJ 
must look to themselves to prevent the recurrence 
calamities, to all appeai'ance so peculiarly beyond the 
reach of human control^Ro evidently the result of the 
wrath of God» or of the craft and subtlety uf &l 
enemy. 
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And one may picture to oneself how harmoniously 
the holy cursing of the Puritan of that day would have 
f:hiined in with the unholy curaiug and the crackling 1 
wit of the Eocheaters and Sedleys, and with the rcviliuga fl 
of the political fanatics, if my imaginary plain dealer ^ 
had gone ou to say that, if the return of such misfortunes 
were ever rendered imposablc, it would not be in virtue 
of the victory of the faith of Laud, or of that of 
Milton ; and, aa little, by the triumph of republicauism, 
as by that of monarchy. But that the one thing 
needful for compasaing this end waa, tliat the people 
of England should second the efforts of an iuaig- 
nificant corporation, the establishment of which, a few 
years before the epoch of the great plague and the 
great fire, had been as little noticed, as they were 
conspicuous. 

Some twenty years before the outbreak of the phiguc 
a few calm and thoughtful students banded themselves 
together for the purpose, as they phrased it, of "im- 
proving natural knowledge." The ends they proposed 
to attain cannot be stat-ed more clearly than in the 
words of one of the founders of the organization : — - 

•* Our business was (precluding matters of theology 
and state affairs) to discoui-se and consider of philo- 
iiophical eurpmiea, aud auth as relal<^d thereunto : — as 
Pbyaick, Anatomy, Geometry, Asti-onomy, Navigation, 
Statioks, Magneticks, Chymicks, Meehanicka, and 
Natural Experiments ; with the state of thesyj studies 
and their cultivation at home aud abroad. Wo then 
discoursed of the circulation of the blood, the valves 
in the veins, tlie venae lacteis, the lympliatic vessels, 
the Copemican hypothesis, the nature of comets and 
new stars, the aatellitfji of Jupiter, the oval shape (an 
it then api^earcd) of Saturn, tlie spots on the &ua and 



I x-/r sBB^mys, addsessss, and nErjsws. 

ita turning on its own axis, the mcqunlities and seleni 
grapby of the moon, the several phases of Venus aw 
Mercury, the improvement of telescopes and grindi 
of glasses for that purpose, the weight of air. the 
posaibUity or impossibility of vacuities and nature's a 
horrence thereof, the Torricellian experiment in quic 
silver, the descent of heavy bodies and the degree 
acceleration therein, with divers other things of like 
nature, some of which were then but new discoveries, 
and otherB not so generally known and embraced 
now they are ; with other things appertaining to what 
hath been called the New Philosophy, which, from 
the times of Galileo at Florence, and Sir Francis Bacoi 
(Lord Verulam) in England, hath been much ciiltiva" 
in Italy, France, Germany, and other parts abroad, 
well as with us in England." 

The learned Dr. Wallis, writing in 1606, narrates, i 
these words, what happened half a century before, 
about 1645. The associates met at Oxford, in thi 
rooms of Dr. Wilkius, who was destined to become 
bishop ; and subsequently eoming together in Londo; 
they attracted the notice of the kuig. And it is 
strange evidence of the taste for knowledge which thi 
most obviously worthless of the Stuarts shared wi 
hia father and grandfather, that Charles the Secoa 
was not content with saying witty things about 
philosophers, but did wise things with regard to th( 
For lie not only bestowed upon them such attention 
ho could spare from his poodles and his mistresses, but,^ 
Iwing in his usual state of impecuniosity, begged for 
them of the Duke of Ormond ; and, that step bei 
without effect, gave them Chelsea College, a charter, 
a mace : crowning his favours in the best way they co' 
be crowned, by burdening them no further with roy. 
p&troaage or state int«rfei-euue. 
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Tbtis ifc was that the half-dozeD young men, stutlioiia 
of the " New PhUoaophy,'* wlio met in one uuot.Ler's 
lodgings in Oxford or m London, iu the middle of thu 
eevcnteenth century, grew in numerical and in real 
strength, untO, in ita latter part, the " Royal Society foi 
the ImprovcraGut of Natural Knowledge" had already 
l)ecome famous, and had acquired a claim upon the vene- 
ration of Englishmen, which ifc has ever since retained, 
as the principal focus of scientific activity in our islands, 
and the chief champion of the cause it was formed to 
support. 

iz was by the aid of the Royal Society that Newton 
published his *' Principia." If aU the books iii the world, ^ 
except the Philosophical Transactions, were destroyed, it H 
is safe to say that the foundations of jihysical acienea ™ 
would remain nusliakeu, and that the vast intellectual . 
progress of the last two centuries would be largely, fl 
though incompletely, recoi-ded. Nor have any signs ^ 
of halting or of dccrcpitudo manifested themselves iu 
our own timca. As in Dr. Wallis's days, so in these,, 
" our business ia, precluding thenlo^ry and state affairs, 
to discourse and consider of philosophical entjuiriea'* 
But our " Mathematick" is one which Newton would 
Imve to go to school to lenni ; our " Stiticks, Mcchanicks, 
Magneticks, Chymicks, and Natural Experiments" cou- ^ 
Btitute a maaa of physical aad chemical knowledge, h 
a glimpse at which would compensate Galileo loi " 
the doings of a score of inquisitorial cardinals ; ouv 
*'PhyBJek" and "Anatomy" have emliraeed sueh in- 
finite varieties of being, have laid open eueb iieu* 
worlds in time and space, have grappled, not uusiic- 
cessfully, with such complex problems, that tlic eycn 
of Veaalius and of Harvey might be daszlcd by thi- 
n^t of the tree that has grown out of tliou* groin u 
oiuhUuxI aueth 



I 



LKaa 



The fact U perhaps rather too much, than too littlo, 
forced upon one's notino, nowadays, that all tliis mar- 
vellous intellectual growth baa a no less wonderful 
expression in practical life ; and that, in this reapect, if 
in no other, the movement s^Tubotized by the progress 
of the Royal Society stands without a parallel in 
history of mankind, 

A seriea of volumes as bulty as the Transactions 
the Royal Society might pussibly be filled with the^ 
subtle speculations of the Schoolmen; not improbahlj^B 
the obtaining a mastery over the products of mcdiaeva^^ 
thought might necesaltate ou even greater expenditure of 
time aud of euerg)' than the acquirement of the "KeflM 
Philosophy;" hut though such work eugrosacd the beafe 
iut-ellcctd of Exurope for a longer time than lias elapsed, 
since the great fire, its effects were " writ in water," 
far as our Hocial state ia concerned. 

Ou the other hand, if the noble first President of th^ 
Royal Society could revisit the upper air and once naoi 
gladden his eyes with a sight of the familisur mace, he* 
would find himsf-lf in the midst of a material civilization 
more difterent from that of his day, than that of thflJ 
seventeenth, was from that of the fiist, century. And if 
Lord BrouLcker'g native sagacity had not deserted his 
ghost, he would need no long redection to discover thj 
ail tht^se great ships, these railways, these telegi"aph( 
ikem factories, these printing-presses, without which tl 
whole fabric of modern English society would coUaj 
into a mass of stagnant and starving pauperism, — that' 
all the&e pillars of our State are but the ripples and the 
bubbles upon the surface of that great spiritual eti'eaai^B| 
the springs of which, only, he and his fellows were 
pritileged to see ; and seeing, to recognise as that which 
it behoved theu^ above all things to keep pure autU 
undcfiled. 
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It may not be too great a flight of imagination to 
conceive our noble reverwrnt not forgetful of the great 
troubles of his own day, and anxious to know how often 
London had been burned down since his time, and how 
often the plague had carried off its thousands. He would 
have to learn that, although London contains tenfold the 
inflammable matter that it did in 1666 ; though, not 
content with filling our rooms with woodwork and light 
draperies, we must needs lead inflammable and explosive 
gases into every comer of our streets and houses, we 
never allow even a street to bum down. And if he 
asked how this had come about, we should have to 
explain that the improvement of natural knowledge has 
furnished us with dozens of machines for throwing water 
upon fires, any one of which would have furnished the 
ingenious Mr. Hooke, the first " curator and experi- 
menter" of the Royal Society, with ample materials for 
discourse before half a dozen meetings of that body ; 
and that, to say truth, except for the progress of natural 
knowledge, we should not have been able to make even 
the tools by which these machines are constructed. 
And, further, it would be necessary to add, that although 
severe fires sometimes occur and inflict great damage, 
the loss is very generally compensated by societies, the 
operations of which have been rendered possible only 
by the progress of natural Imowledge in the direction of 
mathematics, and the accumulation of wealth in virtue 
of other natural knowledge. 

But the plague? My Lord Brouneker's observation 
would not, I fear, lead him to think that Englishmen of 
the nineteenth century are purer in life, or more fer- 
vent in religious faith, than the generation which could 
produce *a Boyle, an Evelyn, and a Milton. He might 
find the mud of society at the bottom, instead of at the 
top, but I fear that the sum total would be as dcservmg 



of swift judgment as at the time of the Kcstoration. 
And it would be our duty to explain once more, and 
this time not without shame, that »'e have no reason 
to beliere that it is the improvement of oiir faith, noi 
that of our inonils, which keeps the plague from our 
city ; but, agaiu, that it is the improvemcDt of oar 
natural knowledge. d 

We liave learned that pestilences will only take up 
their alwde among those who have prepared unswept 
and ungarnishc'd reaidcuees for them. Their cities must 
have narrow, uuwatered streets, foul with awumulated 
garbage. Their bouses must be ill-drained, ill-lighted, 
ul-veutilated. Their subjects must be ill-washed, ill- 
fed, iU-clothcd. The London of 1665 waa such a city. 
The cities of the Eaat^ where plague has an enduring 
dvcUing, are such cities. We, in later times, have 
learned somewhat of Nature, and partly obey her. 
Because of this partial improvement of our natural 
knowledge and of that fractional obedience, we have 
no plague ; because that knowledge is still veiy imper- 
fect and that obedience yet inci>mp!cte, typhus is our 
c-ompanion and cholera our visiter. But it is ootafl 
prcaumptuous to express tlie belief that, when oii^| 
knowledge is more complete and oiir obedience tlijH 
expression of our knowledge, London will count he^| 
centuries of freedom from typhus and cholera, aa sh^f 
now grat»?fully reckons her two hundred yesu^ ^^| 
ignorance of that plague wlxich swooped upon be^| 
thrice in the first half of the seventeenth century. H 

Surely, there is nothing in theae explanations whichH 
is not fully borne out by the facts ? Surely, the prin-S 
ciplca involved in them are now admitted among thefl 
fixed beliefs of all thinking men 1 Surely, it is tru«fl 
tliat our countrymen ore Tesa subject to fire, faniinc^H 
pe&Lileuce, and all ttie evils which insult from a wau^| 
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ot command over and due anticipation of the course ol 
Nature, than were the couutrymeu of Milton ; and health, 
vealth, and well-being ai-e more abundant with us than 
with them ? But no less certaijily is the difference due 
to the improvement of our knowledge of Nature, and 
tho extent to which that improved knowledge has bectt 
incorporated with the houaenold words of men, and lias 
auppUed the springs of their daily actions. 

Granting for a moment, then, the truth of that which 
the depreeiators of natural knowledge are so fond of 
urging, that its impruvement can only add to the resources 
of our material iti vilization ; admitting it to be posaible tliat 
the founders of the Royal Society themselves looked for 
no otlier reward than this, I cannot confess that I was 
guilty of exaggeration when I hinted, that to him who 
had the gift of distinguishing between prominent events 
and important events, the origin of a combined effort 
on the port of mankind to improve natural knowledge 
might have loomed larger than the Plague and have but- 
ebone the glare of the Fire ; as a something fraught with 
a wealth of beneficence to mankind, in compaiisou with 
which the damage done by thoae ghastly evils would 
shrink into insignificance. 

It ia very cci-tain that for every victim slain by 
the plague, hundreds of mankind exist and find a fair 
share of liappiness in the world, by the aid of the 
apimiing jenny. And the great fire, at its worst, could 
not have burned the supply of coal, the daily working 
of which, in the bowels of the earth, made possible by the 
steam pump, gives rise to an amount of wealth to whidi 
the miiliuus lotjt iu old London aiu hut as au old song. 

But epinning jenny and steam pump arc, after all, but 
toys, possessing an accidental vsdue; ajid natural know- 
ledge creates multitudes uf more subde eoutriv;uices, the 
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praises of which do not happen to l»e sung because th 
are not directlv convtrtiljlu into instninn-uts for vrvai'i 
wealth. AVlien I contt'inplate natuni.1 kuowleilgt^ squan- 
dering such gifts among men, the only appropriate 
comparison I can find for her is, to likca her to such a 
|K;;ij«uit woman as onG scea in the Alps, striding eve\ 
upward, heavily burdened, and with mind bent only 
ber home ; but ytt, without etfort and without though 
knitting for her children. Now stockings are good aa 
comfortable tilings, and the children will undoubtedly 
be much the better for thcra ; but surely it would be 
short-sighted, to say the least of it, to depredate this 
toiling mother aa a mere etockiug-machme — a mere 
provider of ph3reic«l comforts? 

How«vt'r, there are blind le.ulers of the blind, and m 
a few of them, who take this view of natural knowled^ 
and can see nothing in the l»ountifnl mother of humani 
but a sort of comfort-grinding mar.hinet Acwrding 
them, the improvement of natural knowledge always 
been, and always must be, synonymous with no moi 
than the iroprwemeut of the material resources and 
increase of the gratifications of men. 

Natural knowledge is, in their eyes, no real mother 
mankind, bringing them up with kindness, and, if a 
be, with stemnesa, in the way they should go, 
instructing them in all things needful for their weliara 
but a sort of iairy godmother, ready to furnish her pc 
with shoes of swiftness, swords of sharpness, and omn I- 
potent Aladdin's lamps, so that they may have telegraphs 
to Saturn, and see the other side of the moon, and thank 
God they arc better than their benighted ancestors. 

If this talk were true, I, for one, should not great! 
care to toil in the service of natural knowledge. 1 thi 
I would just as soon be quietly chipping my own Hi 
oxe, slux the manner of my foreiatheia a few thuusau 
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ycare back, as be troubled with the endless malady o\ 
thought which now iufests us all, for such reward. Bu£^ 
I venture to gay that euch views are contrary alike t^^ 
i-eaeon and to fact Those who discourse in such fiisliion 
eecm to me to be bo intent upon trying to see what is 
above Nature, or what is bebind htr, that they ate bUud 
to what stares them in the face, in her. 

I ahould not venture to speak thus strongly if mi 
justification were not to be found in the simplest an( 
most obvious facts, — if it needed more than an appeuV 
to the most notorious ti-uths to justify my assertion, that^ 
the improvement of natural knowledge, whatever dirc( 
tion it ha:) talcen, and however low the aims of thoa 
who may have commenced it — has not only eonferre 
practical beuelits on men, but, in so doing, has effected 
a revolution in their conceptions of the universe and of 
themstives, and has profoundly altered their modes of 
thinking and their views of right aud wroug. I say 
that natural knowledge, seeking to satisfy natural wants, 
has found the ideas which can alone still spiritus 
ciuvines. I say that natural knowledge, in desiring 
ascertain tlie laws of comfort, baa beeu driven to di8cover| 
those of conduct, and to lay the foundations of a net 
morality. 
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Let US take these poinla separately ; and, first, what 
great ideas has natural knowledge introduced into men's 
minds t 

I cannot but think that the foundations of all natural, 
knowledge were laid when the reason of man first c; 
face to mce with the facts of Nature : when the savage 
first learned that the fingers of one hand arc fewer than 
thoee of both ; that it ia shorter to cross & stream thaJi 
to head it ; that a stone stops where it is unless it be 
moved, and that it di-ups ixQya. tlie hand which let« it go ; 
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that li^Tit and heat come and go vrith tlio sun ; tlm 
Bticka bum away in a fire ; that plants and animals groi^^ 
and die ; that if he struck hig fclIow-savagc a blow h^^ 
would mako him angiy, and perhaps get a blow in return, 
wltile if he offered him a fruit he would please him, and 
perhaps receive a fiah in exchange When men hoifl 
.-u quired this much knowledge, the outlines, rude though 
they were, of niatliematics, of physics, of chemistry, of 
biology, of moral, economical, and political scieoce, weifl 
eketdbed. Nor did the germ of religion fail whei^ 
science began to bud. Listen to words which, tliougb 
new, are yet three thousand years otd : — 

■• . . Wbflu in ho!iwn the atare iiboTit the niooq 
Look beuuttfiil, wfaen ull tba winita nre lud, 
And i^ftr; licijj^ht 0ORi«a aat, and jotting pc&lc 
And vulley, and the inimcivsurabSc heuvtns 
Hrmk open to t.heir hi^hwt, nnd till the star* 
SJitn«, and the skepheid gladdens in hia li«art."l 

If the half-savago Greek could share our feelings thi 
J far, it is irrational to donbt that be went further, 
find, as we do, that upon, that brief gladness there 
fallows a certain sorrow, — the little light of awakened 
|| humaa iatelligeace shines so mcro a spark amidst the 
abyss of the unknown and unknowable ; seems so in- 
BiitHc'ient to do more than illuminate the iraperfL-etiona 

^that camiot be remedied, the aspirations that cannot be 
realized, of man's own natura But in this sadness, this 
I consciousness of the liniitjitiun of man, this sejise of an 
open secret which ho cannot penetrate, lies the essence of 
»tl religion ; and the attempt to embody it in the forms 
furnished by the intollect is the origin of the higher 
theologies. H 

Thus it seeras impossiMe to imagine hut that th™ 
foundations of all knowledge — secular or sacred — wtre 
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laid when intelligence dawned, though the snperstnictura 
remained for long agee so slight and feeble as to be 
compatible with the existence of almost any general 
view respecting the mode of governance of the universe. 
No doubt, fix)m the first, there were certain phaenomena 
which, to the rudest mind, presented a constancy of 
occurrence, and suggested that a fixed order ruled, at 
any rate, among them. I doubt if the grossest of Fetish 
worshippers ever imagined that a stone must have a 
god within it to make it faU, or that a fruit had a god 
within it to make it taste sweet. With regard to such 
matters as these, it is hardly questionable that man- 
kind &om the first took strictly positive and scientific 
views. 

But, with respect to all the less familiar occurrences 
which present themselves, imcultured man, no doubt, has 
always taken himself as the standard of comparison, as 
the centre and measure of the world ; nor coidd he well 
avoid doing so. And finding that his apparently im- 
caused will has a powerful effect in giving rise to many 
occurrences, he naturally enough ascribed other and 
greater events to other and greater volitions, and came 
to look upon the world and all that therein is, as the 
product of the volitions of persons like himself, but 
stronger, and capable of being appeased or angered, as 
he himself might be soothed or irritated. Through such 
conceptions of the plan and working of the universe all 
mankind have passed, or are passing. And we may now 
consider, what has been the efi'ect of the improvement 
of natural knowledge on the views of men who have 
reached this stage, and who have begun to cultivate 
uaturfd knowledge with no desire but that of "iucreasiug 
God's honour and bettering man's estate." 

For example : what could seem wiser, from a mere 
material point of view, more innocent, from a theological 
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one, to an ancient people, tlian that they should learn 
tlie exact succession of the seasons, as wai-muigs fur tlieii 
husbandmen; or the |>o8ition of the stare, as guides to 

[their rude navigatoi-s? But what has gi-own out of this 
Bearch for mitural knowIe»Ige of so merely useful a 
character? You all kuow tlie reply. Asti-ouomy. — 

I'vLich of all sciences has filled men's minds with general 
ideas of a character most foreign to their daily ex- 
perience, and has, more than any other, rendered it 
impossible for them to accept the beliefs of tiieir fathers. 
Astronomy, — wliic-h tells them that this so vast and 
eeemingly solid cfirth is but an atom among atoms, 
whirling, no man knows whither, through illimitable 
space ; which demonstrates that what wo call the peace- 
ful heaven above ua, ia but that space, filled by an 
infinitely subtle matter whose particles are seething and 
surging, lihe the waves of an angry sea ; which opens 
up to us infinite regions whore nothing is known, or 
ever seems to have been known, but matter and force, 
operating according to rigid rules ; which leads us to 
contemplate phsenomena the very nature of which 
demonstrates that they must have had a beginning, and 
that they must have an end, but the very nature of 
which also proves that the beginning was, to our concep- 
tiona of time, infinitely remote, and that the end ia 
immeasurably distant 

But it is not alone those who pursue aatronomy 
ask for brcafl and receive ideas. What more harmle?" 
than the attt;mpt to lift and distribute water by pumping 
it; what more absolutely and grossly utilitarian ? But 
out of pumps grew the discussions about Nature's 
itbhorrence of a vacuum; and then it was discovered 
tliac Nature does not abljnr a vacuum, but that air has 
weight ; and that notion paved the way for the doctrine 
that all matter has weight, and that the force whii 
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produces weight is co-extensive with the universe, — in 
ihort, to the theory of universal gravitatium and endle^ 
[brce. While learning how to handle gases led to the 
;liscovery of oxygen, and to modem chemistry, and to 
^he notion of the indestructibility of matter. * 

Again, what simpler, or more absolutely practical, 
tlian the attempt to keep the axle of a wheel from 
heating when the wheel turns round very fast ? How 
useful for carters and gig drivers to know something 
a-bout this ; and how good were it, if any ingenious 
person would find out the cause of such phsenomena, 
and thence educe a general remedy for them. Such 
an ingenious person was Count Rumford ; and he and 
his successors have landed us in the theory of the per- 
sistence, or indestructibility, of force. And in the, in- 
finitely minute, as in the infinitely great, the seekers 
after natural knowledge, of the kinds called physical and 
i-hemical, have everywhere found a definite order and 
Buccession of events which seem never to be inMnged. 

And how has it fared with " Physick " and Anatomy? 
Have the anatomist, the physiologist, or the physician, 
whose business it has been to devote themselves assi- 
duously to that eminently practical and direct end, the 
alleviation of the sufferings of mankind, — have they 
been able to confine their vision more absolutely to the 
strictly useful ? I fear they are worst offenders of all. 
For if the astronomer has set before us the infinite 
magnitude of space, and the practical eternity of the 
duration of the universe; if the physical and chemical 
philQsophers have demonstrated the infinite minuteness 
of its constituent parts, and the practical eternity of 
matter and of force ; and if both have alike proclaimed 
the universality of a definite and predicable order and 
Buccession of events, the workers in biology have not 
only accepted all these, but have added more startling 
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theses of their owro. For, as the astronomers discover in 
the enrth no centre of the xinivL-rse, but an eccentrio 
Bpeck, flo the naturalists find man to be no centre ot 
the iiving world, but one amidst endless raodificationa 
of ILlb ; and as the astronomer obaervf;a the mark of 
practically endless time set upon the arrangements of 
the Bolar system so the student of life finds the records 
of ancient forms of existence peopling the world for agc^^ 
which, in relation to human experience, are infinite. fl 

Furthermore, the pbyaiulogist fiods life to be ' as^ 
dependent for ita manifestation on particular molecular 
arrangemeut-8 as n,ny physical or chemii^al phrenomenon ; 
and, wherever he extends his reseai-chca, fixed order 
and uuchangiug causation reveal theraeelves, as plainly. 
as in the rest of Nature. ^| 

Nor can I find that any other fate has awaited the 
germ of Keligion. Arising, like all other lands oi 
knowledge, out of the action atid interaction of man's 
mind, with that which is not man's mind, it has taken 
the intellectual coverings of Fetishism or PolytliL-ism ; o i, , 
Theism or Atheism ; of Superstition or Rationalisidf| 
With those, and their relative merits and demerits, I 
have nothing to do ; but tliia it is needful for my 
puipose to say, that if the religion of the prcsjcnt differs 
from that of the past, it ia because the theology of the 
present has become more scientific than that of the past; 
because it has not only renounced idols of wood and 
idols of stone, but begins to see the necessity of breaking 
in pieces the idols built up of books and traditions and 
fine-epuu ecclesiastical cobwebs : and of cherishing the 
noblest ajid niuat human of mun'a emotions, by worship 
" for the moat part of the silent sort" at the altar of th^_ 
Cnknown and Unknowable. flH 

Such are a few of the new coneeptinns Implanted in 
our miuda by the improvciucnt of natural knowled 
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Men have acquired the ideas of the practically infinite 
extent of the universe and of its practical eteruity • 
they are familiar with the conception that our earth 
is but an infinitesimal fragment of that part of tho 
universe which can be seen ; and that, nevertheless, it;* 
duration is, as compared with our standards of time, 
infinite. They have further acciuii'ed the idea that man 
18 but one of innumerable forms of life now existing in 
the globe, and that the present existences are but the 
last of an immeasuriible series of predecessors. More- 
over, every step they have made in natural knowledge 
has tended to extend and rivet in their minds the con- 
ception of a definite order of the universe — which ia 
embodied in whiit are called, by an unhappy metaphor, 
the laws of Nature — and to narrow the range and 
loosen the force of men's belief in spontaneity, or in 
chnngea other than Buch as arise out of that definite 
order itself. 

Wliethcr thcee ideas are well or ill founded ia not the 
question. No one can deny that they exist, and have 
been the inevitable outgrowth of the improvcinont of 
nntura] knowledge. And if so, it cannot be doubted 
that they are changing the form of men's must cherished 
and moat important convictions. 

And as regards the second point — the extent to which 
the improvement of natural knowledge has remodelled 
and altered what may be termed the intellectual ethica 
of men, — what are among the moral convictions most.] 
fondly held by barbarous and semi-barbarous people? 

They are the convictions that authority ia the fioimdest 
basis ol belief; that merit attaches to a readiness to 
believe ; that the doubting disposition is u bad one, 
ofid sccpticitjm a sin ; that when good uutiiority haa 
pruuoaiicud what is to be buUeved, and faith hus au- 
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ccpted it, reason has no farther duty. There are many 
excellent persons vho yet hold by these principles, and 
it is not my present bufiiness, or intention, U> discofs 
their views. All I wish to bring clearly before your 
minds is the unqueationahie fact, that the improvemeut 
of natural knowledge is etfected by methods which 
directly give the lie to all these couvictious, and assumo 
the exact reverse of e^ich to be true. ^m 

The improver of natural knowloige absoltitoly refusal 
to acknowledge authority, as such. For him, scepticism 
is the highest of duties ; blind faith the one unpardon- 
able sin. And it cannot be othenvise, for eveiy great 
advance in natural kuowledge has Lavolvtfd the absolute 
rejection of authority, the cheiisbLng of the keenest 
ecepticism, the aonihUation of the spirit of blind faith ; 
and the most ardent votary of science holds his firmest 
convictions, not because the men he most venerate* 
hold them ; not because their verity is testified by 
portents and wonders ; but because his experience teaches 
him that whenever he chooses to bring these convictions 
into contact with their primary source. Nature — when- 
ever he thinks fit to teat them by appealing to esperiment 
and to observation — Nature will confirm them. Tho 
man of science has learned t-o believe in justification, 
not by faitli, but by verification. ^H 

Thus, without for a moment pretending to dcspfl^ 
the practical results of the improvement of natural 
knowledge, and its beneficial influence on material civili- 
zation, it must, I think, be admitted that the great 
iileaa, eome of which I have indicated, and the ethical 
spirit which I have endeavoured to sketch, in the few 
moments which remained at my disposal, constitute t^L 
real and permanent significance of natural knowledge. ^| 

If these ideas be destined, as 1 believe they are, to 
be more and more firmly established as the world grourj 
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older ; if that spirit be fated, as I believe it ia, to 
extend itself into all departments of human thought, and 
to become co-extensive with the range of knowledge ; if, 
as our race approaches its maturity, it discovers, as I be- 
lieve it will, that there is but one kind of knowledge and 
but one method of acquiring it ; then we, who are still 
children, may justly feel it our highest duty to recognise 
the advisableness of improving natural knowledge, and 
BO to aid ourselves and our successors in their couiae 
towards the uoble goal which lies before mankind. . 




QoAsniE'a plaintive inquiry, "Am I not a man and a 
brother ?" ecjema ut liiat to have recoiveJ its finul reply— 
the re(«nt decision of the fierce trijil by battle on th» 
other side of the Atlantic fully coucurring with that long 
since tlclive.red here in a more peaceful way. 

The question is settled ; but even those who arc most 
thoroughly convinced that the doom is just, must aeo ' 
good grounds for repudiating half the arguracnta which 
navG been employed by the winning side ; and for 
doubting whether ita ultimate results will embody tha 
hopes of the victors, tliough they raay more than realizo 
the feara of the vanquished. It may bo quite true that 
aome negroes are better than some white men ; but no 
rational man, cognizant of the. fact8, believea that the 
average negro ia the equal, still less the superior, of the 
average white man. And, if this be true, it is simply 
incredible that, when .all his disabilities are removed, aiu^ 
our prognathous relative hius a fair field :uid no favoi^^f 
as well as no opjfressor, he will be able to compctp 
suecesf^fully with his bigger-brained aad sraaller-jawcd 
rival, in a conteat which la to be carried on liy thouglita 
and not by hites. The Ligheflt places in the hierarchy of 
civilization will asaurcdJy not be within the Tcat;h of our 
dusky cousins, though it is by uo jueuus ugccsB;iry that 
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'tJiey should be restricted to the lowest. But wfante^er 
Itlie position of stable equilibrium into ■wliich the laws of 
iBOcial gra^tation may bring the negro^ all responsibiliry 
[for the rssult will lienceforwaud lie between Nature aod 
fbim. The white man may wash his Lands of it, and the 
iCaucasiau conscieuce be void of reproach for evermore. 
iAnd this, if we look to the bottom of the matter, is the 
I realjustili cation for the abolition policy. 
, The doctrine of equal natural rights may be an illogical 
[delusion ; emancipation may convert the slave fiom a 
(well fed animal into a pauperised man ; mankind may 
teveu have to do without cotton shirts ; but all these e^-ils 
must be faced, if the moral law, that uo human being 
can, arbitrarily dominate over another without grievous 
damage to his own nature, be, as many think, as readily 
demonstrable by experiment aa any physical truth. U 
this be true, no slavery can be abolished without a double 
emancipatioD, and the nuister will benefit by ffuedom 
piore than the frei^d-maii. 

The hke considerations apply to all the other questions 
of emancipation which are at pre^ieut stiiTing the world — 
the multitarious demands tbaC classes of mankind shall 
■^reUe\'ed from restrictions imposed by the artifice of 
^Ki, and not by the necessities of Nature, One of the 
most important, if not the most important, of all these, is 
that which daily threatens to become the "irrepressible ' 
voman question- What social and poHtical rights havfi 
women ? What ought they to be allowed, or not allowed 
to do, be, and .sufl'er? And, as involved in, and under- 
lying all these questions, how ought they to be educated? 
There are philogynists as fiinatieal as any " misogu- 
pLBts" who, reversing our antiquated notions, Hd the 
man look upon the woman as the higher type of 
humanity ; who ask us to regard the female intellect aa 
Uw clearer and the quicker, il' nol the stiougci-; who 
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desire ns to look up to the feminine moral sense as tlw|| 
purer and tbe nobler; and bid man abdicate his usurped 
aovereigHty over Niiture in favour of the female line; 
On the other hand, there are persons not to bo outdone 
in all loyalty and just respect for woman-!rind. but by 
uatnre hard of head and haters of delusion, however 
charming, -who not only repudiate tho new woman- 
worship which so many son time ntaliats and some philo- 
sophers arc desirous of setting up, but, carrying their 
audacity further, deny even tbe natural equality of the 
sexes. Tbcy assert, on tbe contrary, tbiit in every 
excellent character, whether mental or physical, the 
average woman is inferior to the average man, in. th^l 
sense of having that character less in quantity, and lower 
in quality. Tell these peraons of the mpid perceptions an^_ 
the instinctive intellectual insight of women, and the^fl 
reply that the femiuLue mental peculiai'ities, which pass 
under these names, are merely the out-come of a greater 
impressibility to the superfieial aspects of things, and of 
the absence of that restraint upon expression, which, in 
men, is imposed by reflection and a sense of responsibility^ 
Talk of the pat^.'^ivo endurance of the weaker sex, aij^| 
oppon<-nt8 of this kind remind you that Job was a raan, 
and that, until quite recent times, patience and lon^^ 
suffering were not counted among the specially femini^H 
virtues. Chum passionate tenderness iis especiall^^ 
feminine, and the inquiry is made whether all llie bes^^ 
love-poetiy in existence (except, perhaps, the " SonnegH 
from the Portuguese") has not been written by men r 
whether the song which embodies the ideal of pure an^^ 
tender passion — Adekida — was written by i^mw Bect^H 
oven ; whether it was the Fornarina, or Euphael, v^h^^ 
painted the Sistine Madonna. Nay, we biLve known one 
Budi heretic go so far as to lay his hands upon the ni 
itself so to speak, and to defend the startling parade 
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that, even in physical beauty, man is the superior. He 
admitted, indeed, that there waa a brief period of early 
youth when it miwht be hard to Bay whether the prize 
should be awarded to the graceful undulations of the 
female figure, or the perfect balance and supple vigour of 
the male frama But while our new Paris might hesitate 
between the youthful Bacchus and the Venus emerging 
from the foam, he averred that, when Venus and Bacchus 
had reached thirty, the point no longer admitted of a 
doubt; the male form having then attained its greatest 
Dobility, while the female is far gone in decadence ; and 
that, at this epoch, womanly beauty, so far as it is inde- 
pendent of grace or expression, is a question of drapery 
and accessories. 

Supposing, however, that all these arguments have a 
certain foundation ; admitting for a moment, that they 
are comparable to those by which the inferiority of the 
negro to the white man may be demonstrated, are they 
of any value as against woman-emancipation ? Do they 
afford us the smallest ground for refusing to educate 
women as well as men — to give women the same civil 
and political rights as men 1 No mistake is so commonly 
made by clever people as that of assuming a cause to be 
bad because the arguments of its supporters are, to a 
great extent, nonsensical And we conceive that those 
who may laugh at the arguments of the extreme 
philogynists, may yet feel bound to work heart and soul 
ttwards the attainment of their practical ends. 

As regards education, for example. Granting the 
alleged defects of women, is it not somewhat absurd to 
sanction and maintain a system of education which 
would seem to have been specially contrived to ex- 
aggerate all these defects \ 

Naturally not so firmly strung, nor so well balanced, 
u boys, girls are in ^,at measure debarred firom tha 
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Bporta and physical exercises wluch are justly tboaj^ 
iil'solutely nciwssary for the full devalopinoQt of tli~ 
vigour of the more favoured sex. Women are, by niit.uiv, 
more cxcitahle than men— prone to be swept by tides of 
emotion, proceeding from hidden and inward, aa well iia 
from obvious and external causes ; and female cductitio^^ 
does its beat to weaken every physical counterpoise ^| 
this nervous mobility — ^tends in all ways to stimuhitti-tlie 
emotional part of \h^ mind and stunt the rest We fine 
girls naturally timid, inclined to dr^pendeuce, born coi 
servatives ; Jinl we t^-rich them that independence 
unladylike ; that blind laith is the right frame of m.iad^ 
and that whatever we may be permitted, and indeed 
encouritged, to do to our brother, our sister is to be left 
to the tyranny of authority and tradition. With few 
insignificant exceptions, girls have been educated either 
to be dnidgi!8, or toys, ijenealh man ; or a sort of ungeli 
above him ; the highest ideal aimed at osedlating betwwi 
ClUrchen and Beatrice. The possibility that the ideal 
womiinhood lies neither in the fair saint, nor iu the fa 
sinner; that the female type of character is neithe 
better nor worse than tlie male, but only weaker ; thi 
women are uiwiut neither to be men's guides nor their' 
playtliings, but their comrades, their fellows and theij 
OL^uals, so fai- as Nature puts no bar to that equality^ d< 
nut seem to have entered into the minds of those wl 
have hiid the conduct of the education of girla 

If the present system of female educiition stands sel 
condemned, as inliercntly absurd ; and if that which w 
have just indicated is tlie true position of woman, wha^ 
IS the tirst step towards a better state of things? 
reply, eiiianeipute girls. Bccngnise the fact that the 
share the senses, perceptions, feelings, reasoning powei 
emotions, of boys, aud that the mind of the average giJ 
is lew dUlerent ii'om tlwt of tlic average boy, than 
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mind of one boy is from that of another ; so that what-, 
ever orgumcnt justifies a given cducatiou for all l»oy«»' 
justifies its aj»i>lieatioa to girb as waU, So fiir fium 
imposiu0 artificial restrictions upon the acqmremcnt of 
knowlcdgi! by women, throw every facility in tlieir way. 
Let our Fuustiuas, if they will, toil through tho whulu 
ri>Uhd of 

**Jiiri«t«r«i nod Mcduiii, 

Irft US Lave "sweet girl graduates" by all mpntia They 
will be none the less sweet for a little wisdom ; and tha 
"golden hair" will not curl lesa gracefully outride thai 
head by rc^ison of there being bniius wiUiixL Nay, if] 
obvious practical difficulties can be overcome, let Inosu'i 
women who feel inclincU to do so descend into tlioj 
gladiatorial tircna of life, not merely in the guise of! 
retiari<B, ns hcrotoforc, but as bold sicaria, brL-fwtLiig thoj 
op*n fray. Let ihein, if they so pliiase, become mei*-] 
ehanls, barristora, politirinns. I*t tht-m have ii fair ficK 
but let them understand, an the uccexttary eorrelativo,] 
that they arc to have no favour. I^et Nature jdono Nit 
high above tho lists, " iiuu inBuenoe and judge thu 
pruse." 

And the result ? For our partn, though lolh to 
liropbeay, we believe it will !« that of olli»j emanei- 
jiatiuns. Women will fiud Uieir place, and it will neither 
bo tliat in which they have Uien heW, nor that to whlr-h 
some of them aspira Nature's old sulique law will not 
be repealed, nod no change of dynasty will be efliRcted. ; 
The big che^Li, tlic massive bmins, the vigorouA mawJeA] 
and etout irames, of the be«t men will f^irry thf^ 
whenever it b worth their while U' lW, 

life with the Ije^t women. And 
thftt the very improvement of the 




fhmr chanrcR. Better mothera will bring forth better 
sons, aiid the impetus gained by the one sex will be 
transmitted, in the next generation, to tho other. The 
most Dariviiiiiin of theorists will not venture to pro- 
pound tho doctrine, that the physical dii^abilitiea uodcr 
which women have hitherto laboured, in the slTUgglo for 
existence with men, are likely to he removed by even tlie 
most skill'uUy conducted process of educational selectioii. 

We are, indeed, fully prepared to believe that the 
bearing of children may, and ought, to become aa free 
frum daiigep and long disability, to the civilized woman, 
as it is to the savage ; nor is it impi-ohable that, m 
society advaiicea towa.rd8 its right organization, mother- 
hood will occupy a less space of woman's Hfe than it has 
hitherto done. But still, unless the human species is to 
come to an end altogether — a consummation which can 
hardly be desired by even the moat ardent advocate of 
" women's rights " — somebody must be good enough to 
take tho trouble and responsibility of annually adding to 
the world exactly as many people as die out of it, la 
consequence of some domestic difficulties, Sydney Smith 
h said to have suggested that it would have been good 
for the human race had the model offered by the hive 
been followed, aud had all tho working pait of the female 
community been neuters. Failing any thorough-going 
reform of this kind, we see nothing for it but the old 
division of humanity into men potuntially, or actually, 
fathers, and women potentially, rf not actually, mothers. 
And we fear that so long as this potential motherhood iB 
her loti woman will be found to be fearfully ■weighted in 
the race of life. 

The duty of man is to see that not a grain is piled 
n|>on that load beyond what Nature imposes; that 
injustice is rot added to inei^ualitj. 



m. 

'A LIBERAL EDUCATION ; AND 
WHEEE TO FIKD IT. 

Thje business which the South London Working Men's 
College has undertaken is a great work ; indeed, I might, 
say, that Education, with which that college proposes toi 
grapple, is the greatest work of all those which lie ready' 
to a man's hand just at present. 

And, at length, this fact is becoming generally recog- 
nised. You cannot go anywhere without hearing a buzz 
of more or leas confused and contradictory talk on this 
subject — nor can you fail to notice that, in one point at 
any rate, there is a very decided advance upon like 
discussions in former days. Nobody outside the agri- 
cultural interest now dares to say that education is a 
bad thing. If any representative of the once large and 
powerful party, which, in former days, proclaimed this 
opinion, still exists in a semi-fossil sta,te, he keeps his 
thoughts to himself In fact, there is a chonis of voices, 
almost distressing in their harmony, raised in favour of 
the doctrine that education is the great panacea for 
human troubles, and that, if the country is not shortly 
to go to the dogs, everybody nmst be educated. 

'Die politicians tell us, " you must educate the masses 
because they are going to be masters." The clergy join 
in the ciy for education, for they affirm that the people 
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«re drifdng away from churcli and chapel mto the 
hmadest infidelity. The manuf'acturera and the capita- 
liftta swell the chorus lustily. They declare that igoo- 
ranee makes bnd workmen ; that England will soon bo 
unable to turn out cotton goods, or steam engines, 
cheaper than other people ; and then, lehabod 1 Tchabodl 
the glory will be departed from \\%. Aiad a few Toices 
are lifted up in favour of the doctrine that the massc^^ 
should be educated because tbey are men and wom^H 
with imlimited capacities of being, doing, and sufferLiig, 
and that it is as true now, as ever it was, that the peopl^^ 
poriah for lack of knowledge. ^| 

TheHc members of the minority, with whom I confess 
t have a good deal of sympathy, are doubtful whethe]^^ 
any of the other reasons urged in favour of the educatic^H 
of the people arc of much value — whether, indeed, some 
of them are based upon either wise or noble grounds of 
action. They question if it be wise to tell people thfl ' 
you will do for them, out of fear of their power, whs 
you have left undone, so long as your only niotivQ wi 
compassion for their weakness and their sorrowa And, if 
ignorance of everything which it is needful a ruler fehouUl 
know is likely to do so much harm in the governing 
classes of the future, why 13 it, they ask reasonably 
enough, that aueb ignorance in the governing classes 
the past has not been viewed witli equal horror ? 

Compare the avernge .iiiisan and the average count 
squire, and it may be doubted if you will find a pin 
cliooae between tlie two in point of ignorance, class 
f'i'eling, or prejudire. It is true that the iguonince is of 
u dilierent sort — t)iat the class feeling 13 in favour of a 
different class, and that Uie prtijudice has a distinct 
fftvour of wrong-bo:Ldedncss in each case — but it is 
questionable if the one is either a bit better, or a bit 
worse, than the otiier. Tke old protectiouLit theory ia 
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the doctrine of trades unions as applied by the squires, 
and the modern trades unionism is the doctrine of the 
squires applied by the artisans. Why should we be 
worse off under one rSgime than under the other ? 

Again, this sceptical minority asks the clergy to think 
whether it is really want of education which keeps the 
masses away from their ministrations — whether the most 
completely educated men are not as open to reproach on 
this score as the workmen ; and whether, perchance, this 
may not indicate that it is not education wMch lies at 
the bottom of the matter ? 

Once more, these people, whom there is no pleasing, 
venture to doubt whether the glory, which rests upon, 
being able to undersell all the rest of the world, is a very 
safe kind of glory — -whether we may not purchase it too 
dear ; especially if we aUow education, which ought to 
be directed to the making of men, to be diverted into a 
process of manufacturing human tools, wonderfully adroit 
in the exercise of some technical industry, but good for 
nothing eke. 

And, finally, these people inquire whether it is the 
masses alone who need a reformed and improved educa- 
tion. They ask whether the richest of our public schools 
might not well be made to .supply knowledge, as well as 
gentlemanly habits, a strong class feeling, and eminent 
proficiency in cricket. They seem to think that the noble 
foundations of our old universities are hardly fulfilling 
their functions in their present posture of half-clerical 
seminaries, half racecourses, where men are trained to 
win a senior wranglership, or a double-first, as horses Sro 
trauied to win a cup, wita as little reference to the needs 
of after-life in the case of the man as in that of the 
racer. And, while as zealous for education as the rest, 
they affirm that, if the education of the richer classes 
vera such as to fit them to be the leaders and the 
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governors of the poorer ; and, if the edticatiou of the 
jKJoryr clajwes were sueb as to cuable them to appreciate 
really wise giiidunee and good governaDce; the politiciana 
nei-d not feiir niub-law, nor the clergy lament their want 
of flocks, nor the capitalists prognosticate the amiihilatiQ|^ 
of the prosperity of the countiy. ^H 

Sucb is the diversity of opinion upon the yshj and t^^ 
wherefore of education. And my heai-era will be pre- 
pared to expect that the practical recommendations 
which are put forward are not lesa discordant. There is 
a loud cry for compulsory education. We English, in 
spite of constant experience to the contrary, preserve a 
touchiug faii-h in the efSeacy of acts of parliament; and 
I believe we should have comijulsory education in the 
course of nest session, if there were the least probability 

.that half a dozen leading Btatcsmcn of different partiea 

'"would agree whiit that education should be. 

Some hold that education without tbeology is worse than 
none. Others maintain, quite as strongly, that educa- 
tion with theology is in the same prediciimcnt. But this 
is certain, that thoee who hold the first opinion can by no 
means agree what theology should he taught ; and that ' 
tbo»ti who mountain the second are in a small minoi-ity. 

At any rate "make people leai-u to read, write, and 
cipher," say a great majay ; and the advice is un- 
doubtedly sensible as far as it goes. But, as ha.s 
happened to me in former daya, those who, in despair of 
guHiug an}'thing better, advocate this measure, are met 
with the objection that it le very like making a child 
practise the use of a knife, fork, and spoon, without 
giving it a particle of meat. I really don't kjiow whi 
reply is to be made to such an objection. _ 

But it would be unprofitable to spend more time in 
disentjingliug, or rather in showing up the knots in, tha 
ravelled skeins of our neighboura. Much more to tJio 
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purpose is it to ask if we possess any clue of our own 
which may guide us among these entanglements. And 
by way of a beginning, let us ask ourselves — What is 
education ? Above all things, what is our ideal of a 
thoroughly liberal education ? — of that education which, 
if we could begin life again, we would give ourselves — 
of that education which, if we could mould the fat^ to 
our own will, we would give our children, "Well, I know 
not what may be your conceptions upon this matter, 
but I will tell you mine, and I hope I shall find that our 
views are not very discrepant. 

Suppose it were perfectly certain that the life and 
fortune of every one of us would, one day or other, 
depend upon his winning or losing a game at chess. 
Don't you think that we should all consider it to be a 
primary duty to learn at least the names and the moves 
of the pieces ; to have a notion of a gambit, and a keen 
eye for all the means of giving and getting out of check? 
Do you not think that we should look with a disappro- 
bation amounting to scorn, upon the father who allowed 
his son, or the state which allowed its members, to grow 
up without knowing a pawn from a knight ? 

Yet it is a very plain and elementary trath, that the 
life, the fortune, and the happiness of every one of us, 
and, more or less, of those who are connected with us, do 
depend upon our knowing something of the rules of a 
game infinitely more difficult and complicated than chess. 
It is a game which has been played for untold ages, every 
man and woman of us being one of the two playera in a 
game of his or her own. The chess-board is the world, 
the pieces are the phenomena of the universe, the rules 
of the game are what we call the laws of Nature. The 
player on the other side is hidden from us. Wc know 
that his play is always fair, just^ and patient. But also 
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we know, to our cost, that he never overlooks & mistake, 
or makes the smallest allowance for ignorance. To the 
man who plays well, the highest stakes are |Kiit], with tliat 
.■jort of overflowing generosity'" with which the strong 
shows delight in ^^ength. And one who plays ill i^ 
checkmated — without haste, but without remorse. ^| 

My metaphor will remind Bome of you of the famous 
licture in which Bctssch has depicted Satan playing at 
chfiss with man for his souL Substitute for the mocking 
fiend in that picture, a calm, strong angel who is playing 
for love, as we say, and would rather lose than win — u 
I should accept it as an image of human life. _ 

Well, what. I mean by Education is learning the rules 
of this mighty game. In other words, education is the 
instruction of the intellect in the laws of Nature, under 
which name I include not merely things and their forces, 
but men and their ways; and the fashioning of the 
alFections and of the will into an earnest and loving 
desire to move in harmony with those laws. For me, 
education means neither more nor less than this. Any- 
ling which profeasea to call itself education must he 
tried by thi.'* standard, and if it fails to stand the test^ I 
will not call it education, whatever may be the force 
authority, or of numbers, upon the other side. _ 

It is important to remi^mber that, in strictness, there 
is no such tliiiTg as an iinodueated man. Take an ex- 
treme wise. Suppose that an adult man, in the full 
vigour of his faculties, could be suddenly placed in the 
world, a« Adam is said to have been, and then left to 
do as he beat might. How long wouhl he be left 
uneducated ? Not five minutes. Natme would begin 
to tfaf:h him, tlirough the eye, the ear, the tonch, the 
propertit'3 of objects. Pain and plensure would be at his 
elbow telling liim to do this and avoid that; and by slow 
iHcia'ceB the man would receive an educatiou, v 
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BarroT^, Trould be thorough, real, and adequate to his 
circumstances, though there would be no estras and very- 
few accomplishments. 

And if to this solitary man entered a second Adam, 
or, better still, an Eve, a new and greater world, that of 
Bocial and moral phenomena, would be revealed. Joys 
and woes, compared with which aU others might seem 
but faint shadows, would spring from the new relations. 
Happiness and sorrow would take the place of the 
coarser monitors, pleasure and pain ; but conduct would 
still be shaped by the observation of the natural conse- 
quences of actions ; or, ' in other words, by the laws oi 
tiie nature of man. 

To every one of us the world was once as fresh and 
new as to Adam. And then, long before we were sus- 
ceptible of any other mode of instruction. Nature took 
us in hand, and every minute of waking life brought its 
educational influence, shaping our actions into rough 
accordance with Nature's laws, so that we might not he 
ended untimely by too gross disobedience. Nor should 
I speak of this process of education aa past, for any one, 
be he as old as he may. For every man, the world is as 
fresh as it was at the first day, and as full of untold 
novelties for him who has the eyes to see them. And 
Nature is still continuing her patient education of us in 
that great university, the universe, of which we are aH 
members — ^Nature having no Test-Acts. 

Those who take honours in Nature's university, wlio 
learn the laws whicli govern men and things and olwjy- 
them, are the really great and successful men in this 
world. The great mass of mankind are the " Pol]," who 
pick up just enough to get through without much dis- 
credit. Those who won't learn at all are plucked; and 
then you can't come up again. Nature's pluck means 
extermination. 
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Thus tho (juestion of compulaory cducatiou is acttle^ 
%> fur a« Nature is eoiiceraed. Her bill on that questiot^J 
wiiM fniiuod ;md [i-isseJ Iohr ago. But, lite all com-B 
|ml«(ir)' legislation, tlmt of Nature is harsh and wasteful 
111 it« o[)(;ration. Ignorauce la visited as sharply aa 
wilful diaobedience — iuca[iacity meuta with tlie same ' 
puuiwhint'iit lis crime. Natore's discipline is not even a 
word, uud a blow, aud the blow first ; but the blow ' 
without the word. It is left to you to find out why 
your uai-8 are boxed. 

The object of what we commonly call education — thai 

cdHcnlion in which man iutei-venea and which I ahaf 

ili»tinjfui9h as jirtifictal education — iis to make good these ■ 

Uvfc'Cts in Nulurii'3 methods; to prepare the child to 

it'oeivo Nature's education, neither iu4;apably nor iguo- 

randy, nor with wilful disob<^dit*nce ; and to underatand 

^jiie pivliminary symptoms of her displeaj^ure, without^ 

^waiting tor the box an the car. In short, all artificial^ 

^wluc'ittion ought to be an atiti<'i[Nition of natural educa-" 

tion. And a liiM^ral education is an artificial education, 

wliich has not only prepared a man to escape th« 

Ijivat evils of disobedienee to natural laws, but ha.s 

tmiht-il him to appreciate and to seize upon the rewards, 

which Nature scatters with as free a hand as hef 

pcnaltir-"*, 

That mitn, I think, has had a liberal education, who 
\im been so trained in youth that bis body is the ready 
viHit of his will, and does with ease and pk.iaure al) 
i^, Work that, as a ui^chani-sni, it is capable of ; whose 
itellcct is a clear, cold, logic engine, with all its parts 
equftl strength, and in smooth working order ; ready, 
ce a steam engine, to be turned to any kind of work, 
" epin the eossamera as well as forge the anchors of 
ruiud ; wtivse mind is stored with a kaowlcd^ of 
gn-at and fuuUameulJil truths of Nature aud of tha 



I1I.J A LIBERAL EDUCATIOIT, 85 

laws of her operationa ; one who, no stunted ascetic, is 
ftill of life and fire, but whose passions are trained to 
come to heel by a vigorous will, the servant of a tender 
conscience; who has learned to love all beauty, whether 
of Nature or of art, to hate all vileness, and to respect 
others as himself. 

Such an one and no other, I conceive, has had a liberal 
education ; for he is, as completely as a man can be, in 
harmony with Nature. He will make the best of her, 
and she of him. They will get on together rarely ; she 
as his ever beneficent mother; he as her mouth-piece, 
her conscious self, her minister and interpreter. 

Where is such an education as this to be had ? 
Where is there any approximation to it ? Has any one 
tried to found such an education ? Looking over the 
length and breadth of these islands, I am afraid that all 
these questions must receive a negative answer. Con- 
sider our primary schools, and what is taught in them. 
A child learns : — 

1. To read, write, and cipher, more or less well ; but 
in a very large proportion of cases not so well as to take 
pleasure in reading, or to be able to write the commonest 
letter properly. 

2. A quantity of dogmatic theology, of which the 
child, nine times out of ten, understands next to nothing. 

3. Mixed up with this, so as to seem to stand or fall 
with it, a few of the broadest and simplest principles oi 
morality. This, to my mind, is much as if a man of 
science should make the story of the fall of the apple in 
Newton's garden, an integral part of the doctrine of 
gi-avitation, and teach it as of equal authority with the 
law of the inverse squares. 

4. A good deal of Jewish history and Syrian geo- 
graphy, and, perhaps, a little something about English 
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history rxnA tlie geography of tho child's own country. 
But 1 doubt if there ia a primaiy 3chool in England la 
wliicL hongs a map of tliu himJrtd iu which the village 
Ilea, so that the children may be practically tiiiight by It 
what a map means. 

5. A certain amount of regularity, attentive obedicni 
respect for others : obtained by fear, if the master be i 
competent or foolish; by love and revereute, if he be wi 

So far aa thia school course embraces a training in 
the theory and praetico of obedience to the moral laws 
of Nature, I gladly admit, not only that it contains a 
valuable educational clement, but that, so far, it deals 
with the most valuable and Important part of all educa- 
tion. Yet^ contrast what is done in this direction with 
what might be done ; with the time given to matters of 
compai-atively no importance ; with the abaence of any 
attention to things of the highest moment ; and one is 
tempted to think of Falstaff's bill and "the halfpeun^ 
worth of bread to all that quantity of saeU." 

Let us consider what a child thus "educated " kno 
and what it does not know. Begin with the most im- 
portant topic of all — morality, as the guide of conduct. 
The child knows well enough that some acts meet- with 
approbation and some with disapprobation. But it has 
never heard that there liea in the nature of thingis a 
reason for every moral law, aa cogent and as well detiuod 
aa that which underlies every physical hiw ; that stealing 
and lying are just as certain to be followed by evil 
consequences, aa putting your hand in the fire, or jump^ 
ing out of a garret window. Again, though tho Bcholi^| 
may have been made acquainted, in dogmatic fashion, 
with the broad laws of morality, he has had no training 
in the application of those laws to the dilBcolt problcma 
which leaalt iruui the complex conditions of modem 
civilization. Would it not be very hai-d to expect any oi 
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to solve a problem in conic sections who had merely beea ] 
taught the axioms and definitions of mathematical scic-Dce! 

A workman has to bear hard labour, aud perhaps 
privation, while he eees others rolling in wealth, aud 
feeding their dogs with what would Keep his children 
from starvation. Would it not be well to have helped 
that mac to calm the natural promptings of discontenti 
by showing him, in his youth, the necessary connexion] 
of the moral law which prohibits stealing with the' 
stability of society — by proving to him, once for all, that 
it is better for his own people, better for himself, better 
for future generations, that he should starve than steal?' 
If yon have no foundation of knowledge, or habit of] 
thought, to work upon, what chauce have you of persua- 
ding a hungiy man that a capitalist is not a thief " with 
a circumbencUbua ? " And if he honestly believea that, of 
what avail is it to quote the commandment against steal- 
ing, when he proposes to make the capitalist disgorge? 

Again, the child learns absolutely nothing of the 
history or the political organization of his own country. 
ITis general impression is, that everything of much im- 
portance happened a very long while ago ; and that the 
Queen and the gentlefolks govern the country much 
after the fashion of King David and the elders and 
nobles of Israel — his eole models. Will you give a man 
with this much information a vot« % In easy times he 
sella it for a pot of beer. Why should he not? It is of 
about a» much use to him as a chignon, and he knows as 
much what to do with it, for any other purpoKc. lu biid 
timeSf on tlie contrary, he applies his simple theory of 
government, and believes that his rulers are the cause of I 
his Bufrerings — a belief wbich sometimea bears remark-' 
ftble pnictieul fruits. 

Least of all, docs the child gather from this priniary 
"education" of ours a conception of the laws of tltn 
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physical world, or of tho relations of cause and eflect 
thereiu. Anil this is the more to be lamented, as the 
poor arc especially exposed to physical evila, and ar^^ 
more interested in removing them than any other claa^f 
of the community. If any one is concerned in knowing 
the ordinary kiwa of mechanics one would think it ia the 
hand-labourer, whoBe daily toil lies among levers and 
pulleys ; or among the other implements of urtisun work. 
And if any one is interested in the- laws of health, it is 
the poor workman, whose stiength is wasted by ill-pre- 

{>arca food, whose health ia sapped by bad ventilation and 
»ad drainage, aiid half whose children are nuissacred by 
disorders which might be prevented. Not only does our 
present primary education carefully abstain from hinting 
to the workman that some of hia greatest evils are trace- 
able to mere physical ageneies, which could be remove 
by energy, patience, and frugality ; but it does woree— ^ 
it renders him, so far as it can, deaf to tliase who coult 
help him, and tries to substitute an. Oriental submissic 
to what is falsely declared to be the will of God, for 
natural tendency to strive after a better condition. 

What wonder then, if very recently, on appeal hs 
been made to statistics for tho profoundly foolish pur? 
pose of showing that education is of no good — that it 
diminishes neither miseir, nor crime, among the masses of 
mankind ? I reply, why should the thing which haa 
been called education do either the one or the other 1 If 
I am a knave or a fool, teaching me to read and write 
won't make me less of either one or the other — unless 
Bomthody shows me how to put my reading aud writiu^^ 
to wise and good pm-posea. jH 

Suppose any one were to argue tbnt medicine ia of i^^ 
use, because it cuLild be proved statistically, that the 
percentage of deaths was just the same, among people 
who had been taught huw to open a medicine chest. 
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among thcwe who did not so much aa know the key by 
sight. The argiiment ia abaurd ; but it is not more 
prepostrroua than that against which I am contending. 
The only medicine for eutlering, ciime, and all the other 
woes of mankind, is wisdom. Tejich a man to read and 
write, and you have piit into hia hands the great keys of 
the wisdom box. But it is quite another matter whether' 
he eTcr opens the box or not. And he ia as likely to 
poison as to cure himself, if, without guidance, he ^ 
swallows the first drug that comes to hand. In these ^M 
times a man may as well be purblind, as unable to re:ul ^1 
— lame, as unabl« to write. But I proteat that, if \ . 
thought the alternative were a neceRsaiy one, I would ^| 
rather that the children of the poor should grow up ^1 
ignorant of both these mighty arts, than that they should 
remain ignorant of that knowledge to which these arts 
are means. 

It may be said that all these ani mad versions may 
apply to primary schools, but that the higher schools, at 
uny rate, must be allowed to give a liberal education. 
In fact, they profcsaedly sacrifice everything else to thia 
object 

Let us inquire into thia matter. What do the higher 
fichoola, those to whleh the- great middle class of the ^ 
country sends it children, tcaeh, over and above the in- " 
Btruction given in the primary schools % There is a little 
more reatliug and writing of English. But, for all that, 
every one knows that it is a rare thing to find a boy of 
the middle or upper classes who can read aloud decently, 
or who can put his thoughts on paper in clear and gtam- 
mntical (to say nothing of good or elegant) language. 
The "cipheriug" of the lower schools expands into 
elementary mathematics in the higher ; into arithmetic, 
with a little algelna, a little Euclid. But I doubt if. 
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one boy tn five hundred has ever heard the explanat3<^| 
uf a rule of arithmetic, or knows his Euclid otlicrwi^l 
tJiau by rote. ^1 

Of theology, the middle class sKhoolboy gets mfher 
leas than poorer cbildren, less absolutely and less rela- 
tively, because there are so many other claims upon his 
attention. I venture to say that, in the great majority 
of cases, his ideas on this subject when he leaves school 
are of the most shadowy and vague description, and 
associated with painful impressiona of the weary hours 
Spent in learning collects and catcchiem by heart. 

■. Modern geography, modern history, modern literature, 
the English language as a language ; tho whole circle 
of the sciences, physical, moral, and social, arc even 
more completely ignored in the higher tlian in the lower 
schools. Up till within a few years back, a boy might 
have passed through any one of the great public schools 

rith the greatest distinction and credit, and miglit never 
BO much as Iiavc licard of one of tho subjects I have 
,iast mentioned. He might never have heard that the 

irth goes round the sun; that England underwent a 
great revolution in 1688, and France another in 1789; 
that there once lived certain notable men called Chaucer, 
Shakspeare, Milton, Voltaire, Goethe, Schiller. The first 
might be a German and the last an Englishman for any- 
thing he could tell yon to the contrary. And as for 
science, the only idea the word would suggest to hia 
mind would be dexterity in boxing. fl 

I have said that this was the state of things a fei^^ 
years back, for the s;ike of the (ew righteous who are 
to be found among the educational cities of the ptaiu. 
But I would not have you too sanguine about the result, 
if you sound the rninda of tJte existing geueratioa of 
public schoolboys, on such topics as tho^ I hav4 
meationed. 
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Now If-t ws pause to consider this wontlorful state of 
affiiii's ; for the time will come wlien EngHshmGn wil 

Suote it as the stock example of the stolid stupidity oi 
leir Bnccstora ia the nincteentb century. The most 
tJioroughly commercial people, the greatest voluntary J 
wanderers and colonists the world has ever seen, are^f 
precisely the middle classes of this country. If th^re bo 
a peoplo which has been busy making history on the J 
great scale for the last three hundred years — and the H 
most profoundly interesting- history— history which, if " 
it happened to be that of Greece or Rome, we should 
study with avidity — it is the English. If there be a 
people which, during the same period, has developed a 
remarkable literature, it is our own. If there be a 
nation whose prosperity depends absolutely and wholly 
upon their mastery over the forces of Natm-e, upon their 
intelligent apprehension of, and obedience to, the law* 
of the creation and distribution of wealth, and of the 
stable equilibrium of the forces of society, it is pre- 
cisely this nation. And yet this ia what these wonderfully 
people tell their sons : — " At the cost of from one to twofl 
thousand pounds of our bard earned money, wo devote " 
twelve of the most precious years of your Uvea to school. 
Thcire you shall toil, or be supposed to toil ; but there 
you shall not learn one single thing of all those you will 
most want to know, directly you leave school and enter 
upon the practical business of Hfe. You will in all 
probability go into busineas, but yon shall not know 
where, or how, any article of comHierce is produced, or 
the difference between an export or an import, or tbo 
meaning of the word 'capital.' You will vei-y likely settle 
in a colony, but you shall not know whether Tasmauia 
is part of New South AVales, or wtce veTsd. 

** Very probably you may become a manufacturer, but 
you aball not be 2>rovidcd with the mcuua of luidci- 
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standing thu working of one of your own steam-en^iips. 
or the Qature of the niw products you employ ; aud. 
when you ai-e usked to buy a pateut, you shall not have 
the $liglitcst mcaua of judging whether the inventor is 
au inipnstor who is contravening the elementary prin- 
ciples of science, or a man who will make you as rie' 
aa Croesus. 

" You will very likely get into the House of Commom 
You will hf.ve to take your share in making laws which 
j-piay prove a blessing or a curse to millious of men. 
ut you shall not hear one word re.'^pectiug the political 
orgauiztttion of your country ; the meaning of the eon- 
tioversy between freetr^tders and proti?ctionif>(M sLal 
never have been mentiouud to you ; you shall not 
muuii aB know that there are such things as economi 
hiiiva. 

" The mental power which will be of most importjin 
ill your daily life will be the power of seeing things as 
they are without regard to authority; and of drawing 
accurate general eonelusions from particular facts. But 
at school and at college you all all know of no source of 
truth but authority ; nor exercise your reasoning facult 
upon anything but deduclioa from that wLi«n is laii 
down by authority. 

" You wiU have to weary your soul with work, a 
many a tJme eat your bread in sorrow and in bitterne 
and you shall not have learned to take refuge in t 
great source of pleasure without alloy, the serene restin 
place for worn human nature, — the world ol art" 

Said I not rightly that we are a wonderful people 1 
I am quite prepared to aUow, that education entirely 
devoted to these omitted subjects might not be a com- 
pletely liberal education. But is an education which 
Ignores them all, a hberal education ? Nay, is it ' " 
much to say that the education which should cmb 
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these swbjccts and no others, would be a real educa-j 
bioii, though fia incomplete one ; wliile an ediicatioa 
which, omita them is reiilly not an education ati 
all, but a more ox less useful course of intellectual 
gyinnasties ? 

Tor what does the middle-class school put in the placa 
of all these things which are left out? It aubatitutea 
what is usually comprised under the compendious title 
of the "clasHics" — that is to say, the huiguagca, the 
literature, and the history of the ancient Greeks and 
RomaU8. and the geography of so much of the world 
as was known to theao two great nations of antiquity. 
Now, do not expect me to depreciate the earnest and 
enlightened pursuit of classical learning. I have not 
the least desire to apeak ill of such occupations, nor 
any sympathy with those who run them down. On 
tlie contrary, if my opportunities had lain in that di- 
rection, there ia no investigation into which I could 
have thrown myself with greater delight than that of 
antiquity. 

What science can present greater attraetions than 
philology ? How can a lover of literary excellence fail 
to rejoice in the ancient masterpieces ? And with what 
consistency could I, whose buainesa lies so much in the 
attempt to decipher the past, and to build up intelligible 
forms out of the scattered fragments of long-extinct 
beings, fail to take a sympathetic, though an unlearned, 
interest in the latjoura of a Niebuhr, a Gibbon, or a 
Grotel Chissicnl history is a great section of the pa- 
laeontology of man ; and I have the same double respect ^ 
for it B3 for other kinds of palaeontology — that is to say, ■ 
a respect for the facta which it establishes aa for all " 
isjtXn, and a still greater respect for it aa a preparation 
lor the discovery of a law of progress. 
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But if the classics were taught as thoy might 
taught — if boys and girls were instructed in Greek and 
Latin, not merely as languages, but as illustrations of 
philolo^cal acicnce ; if a vivid picture of life on tha 
flhorea of tlic Mediterranean, two thousand years ago, 
were imprinted on the minds of scholars; if ancient 
history wcro taught, not as a weary series of feuds and 
fights, but traced to its causea in such men placed under 
Buch conditions ; if, lastly, the study of the classical 
books were followed in such a manner as to impress boys 
with their beauties, and with the grand simplicity of 
their statement of the everlasting problems of human 
life, instead of with their verbal and grammo,tical pecu- 
liarities ; I still think it as little proper that they should 
form the basis of a liberal education for our contcmpo- 
rarioa, as I should think it fitting to make that sort of 
paliBontology with which 1 am familiar, the back-bone 
of modem education. j^ 

It is wonderful how close a pirallHl to classical 
training could be made out of that palaeontology to which 
I refer. In the first place I could get up an oateological 
primer so arid, ao pedantic in its terniiuology, so alto- 
gether distasteful to the youthful mind, as to beat the 
recent famous production of the head-masters out of 
the field in all these excellences. Nest» I could exercise 
my boya upon easy fossils, and bring out all their 
powers of memory and all their ingenuity in the apyilica- 
tion of my ostco-gnimmatical rules to the interpretation, 
or coustruing, of those frngmenta. To tliose who had 
reached the higher classes, I might supply odd bones 
to be built up into animals, giving great honour and 
rewai'd to him who suecGoded in fabricating monfitera 
most entirely in accordance with the rules. TiiaC 
would answer to verse-making and essay-writing 
the dead languages. 
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To lie siire, if a great compnTaiire anatomist were 
to look at til ese fabrications he might shake his bcad^^j 
or laugh. But what thGUl Would such a catastropheB 
destroy the paralkll What think you would Cicero, ' 
or Horace, say to the production of the best sixth ^ 
form goin<;1 And would not Terence stop his ears^J 
and run out if he could be present at an English per- " 
:brmanc« of his own plays ? Would Hamlet^ in the 
mouths of a set of French actors, who should insist] 
on pronouncing English after the fashion of their ownj 
tongue, be more hideously ridiculous ? 

But it will be aaid that I am forgetting the beauty, and 
the Imman interest, which appertain to elusaieal atudieg. 
To this I reply that it is only a very strong man who I 
can appreciate the charms of a landscape, as be is] 
toiling lip a steep hill, along a bad road. What with 
ehoi-t-windedueaa, stones, ruts, and a pervading eense ■ 
of tho wisdom of rcab and bo thankful, most of ua fl 
have little enough sense of tho beautiful under these " 
circumstaucea. The ordinary schoolboy is precisely ia 
this case. He finds Parnassus uncommonly st«ep, and fl 
there is no chance of his having much time or inclination ' 
to look about him till he gets to the top. And nino ^ 
times out of ten he does not get to the top. ^M 

But if this lie a fair picture of the results of classical ^ 
teaching at its best — imd I giither from thoee who i 
have authority to speak on such matters that it is so — fl 
what is to bo said of classical teaching at its worst, ™ 
or iu other words, of tho classies of our ordinaiy middle- i 
class scljools?* I will tc-Il you. It means getting upfl 
endless forma and rules by heart. It mi^ans turning ^^ 
Latin and Greek iato English, for the mere sake of i 
being able to do it, and without the smallest regard fl 

' For ft juiiti£cati<iii of vihai is here auid about the<s« Bchoola, &«4 thai 
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to tto worth, or wortlilcasncss, of the author read 
means the learning of innumerable, not always decent, 
fables in such a shape that the meaning they onco had 
is dried up into utter tfiish ; and the only impression 
left upon a hoy's mind is, that the people who believed 
Buch things must have been the greatest idiots tliBI 
world ever saw. And it means, finally, that after tf^ 
dozen years spent at this kind of work, the sufferer 
shall be incompetent to interpitt a passage in an authfi^f 
he has not ali'eacly got up ; that he ftliall loathe th^^ 
sight of a Greek oi- Luliii book ; aud that he shall 
never open, or think of, a classical writer again, nuti 
wonderful to relate, he iuaiats upon submitting 
Bona to the same proceaa. 

These be your gods, Israel! For the sake of t 
net result (and respectability) the Biitisb father deniei 
his ebiidr*)^ all the knowledge they might turu to 
account in life, not merely for tho achievement of 
vulgar success, but for guidance in the great crisoa of 
human existence. Tliis is the stone he offers to those 
whom be is hound by the strongest and tenderest ties 
to feed with bread. 

If primary and secondary education are in this nn- 
satisfactory state, what is to be said to the uuivorsitiea ^m 
Tbis is an awful subjest, and one I almost fear Ii^| 
touch with my unhallowed hands ; but I can tell yoU 
what those say who have authority to speak. 

The Rector of Lincoln College, in his lately publishe 
valuable " Suggestions for Academical Oi"ganization wr 
especial nferiiuce to Oxford," tella us (p. 127) : — 

"The colleges were, in their origin, endowments, 
not for tho tueraents of a general bheral education, 
hut for the prolonged study of special and professional 
faculties by men of riper age. The universities em- 
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bniccd botli tliesc objecta. The colleges, while they 
iuf-kleDtuily aided in elemeutavy education, were specially , 
devoted to the highest learuing. .... i 

"This was the thcoiy of the middJe-age university and 
I lie dcsigQ of colU'giate foundatioDs in theii" origin. Time 
and cireximstauces have brought about a total change. , 
The collegL'8 no lojigcr promote the resBarches of seience , 
or direct profes-sioiial study. Here and there college 
walla may shelter an occasional student, but not in 
larger proportions than, may be found in private life. 
Elementary twithiug of youtlis uiidi?i" twenty is now 
the only function performed by the university, and 
almost the only object of college endowments. Colleges 
were homes for the life-study of the highest and mo.'^t 
abstruse parts of knowledge. They have become boarding 
schools in which the elements of the learned languages 
are taught to youths." 

If Mr. Pattison's higb poaitiou, and bia obvious love 
and reflfjeei for Lis uuivi'raity, be iumifilcient to convince 
the outside world that language so severe is yet no 
more than just, the authority of the Commiasionera 
who reported on the University of Oxford in 1850 is 
open to no challenge. Yet they write : — 

" It is generally acknowledged that both Oxford and 
the country at largo suffer greatly from the abaenco of a 
body of learned men devoting their lives to the cultivation 
of science, and to the direction of academical education. 

" The fact that so few books of profound research 
emanate from the UniverBity of Oxlbrd, materially 
impairs its character as a seat of learuing, and coa- 
Bequeutly its hold on the respect of the nation." 

Cambridge can claim no exemption from the reproaches 
a.JdresRed to Oxford. And thus there seems no escape 
from the admission that what we fondly call our great 
•eats of learning are simply " boarding eclioola " foj 
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bigger Tioya ; that learned men aro not raoro numerous 
in them thnn out of them ; that the advancement of 
knowledge is not the object of fellows of colleges; 
that, in the philosophic calm and meditative stillness 
of their grcenswardeil courts, philosophy doea not tbiiT^_ 
and meditation bears few fruits. ^| 

It is my great good fortune to reckon amongst my 
friends resident members of both universities, who are 
mca of learning and research, zealous cultivators of 
Bcieace, keeping before their minds a noble ideal of a 
university, and doing their best to make that ideal a 
reality ; and, to me, they would necessarily typify the 
universities, did not the authoritative statements I have 
quoted compel me to believe that they are exceptional, 
und not representative men. Indeed, upon ealra con- 
aideration, several circumstances lead me to think that 
the Rector of Luaeoln College and the Commissioner^ 
cannot be far wrong. J^ 

I believe there can be no doubt that the foreigner 
who should wish to become acquainted with the scientific, 
or the literary, activity of modern England, would simply 
lose his time and bis pains if he visited our tmiversitica 
with that object. ^_ 

And, as for works of profound research on any subjed^ 
and, alwvc all, in that classical lore for which the 
universities profess to sacrifice almost everything else, 
why, a thiixl-rat<>, poverty-stricken German university 
turns out more jimduce of that kind in one year, thi 
our vast and wealtliy foundations elaborate in ten. 

Ask the man who is investigating any question, pi 
foundly and thoroughly— be it historical, philosophical, 
philological, physical, literary, or theological; who is 
uyiug to m:ike himself master of any abstract subject 
(except, perhaps, political economy and geology, both 
of wliieh are intensely Anglican sciences) whet 
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ia not compelled to read half a dozen times as many^ 
German, as English, books ? And wliethor, of thca* 
Englieh books, more tban one iu ten ia the woik of 
a fellow of a college, or a profesHor of an EnglisKl 
university % 1 

Is this from any lack of power in the English ad 
compared with the German mind? The conntrynieiLJ 
of Grote anil of Mill, of Faraday, of Euljeit Brown^; 
of Lyell, and of Darwin, to go no further back thaa 
the conteini>oraries of men of middle age, can afford 
to smile at Buch a suggestion. England can show now,, 
as she has been able to show in every generation since 
civilization spread over the West, individual men who 
hold their ovm against the world, and keep alive the 
old tradition of her intellectual eminence. 

But, in the majority of cases, these men are what 
they are in virtue of their native intellectual force, and 
of a strength of cliaracter which will not recognise impedi- 
ments. They are not trained in the courts of the 
Temple of Science, but storm the walls of that edifice in 
all sorts of irrcguhar ways, and with much loss of time , 
and power, in order to obtain their legitimate positions. H 

Our universities not only do not encourage such men ; ^ 
do not offer them positions, in which it should be their 
highest duly to do, thoroughly, that which they are most ; 
capable of doing ; but, as far as possible, university tram- 
ing shuts out of the minds of those among them, whc 
are subjected to it, the prospect that there is anythJEg in 
the world for which they are specially fitted. Imagine 
the success of the attempt to still the intellectual hunger 
of any of the men 1 have mentioned, by putting before 
him, as the object of existence, the successi'ul mimicry ^ 
of the measure of a Greek song, or the roll of Ciceronian fl 
prose 1 Imagine how much success would be likely 
to attend the attempt to persuade such men, that tho 
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silncatioD which leads to pcrfi'clion in sach elegancies 
is alone to be called culture; while the facts of history, 
the process of thought, the conditions of moral and 
social existence, and the lavs of physical natiirc, ere 
left to be dealt uath as tlxey may, by outside bacH 
Uirians t ^| 

It is not thus that the German nniversities, from 
being beneath notice a century ago, have become what 
they are now — the most intensely cultivated and the 
moat productive intellectual corporations the world has 
ever seen. m 

The student who repnir? to them sees in tlie list dH 
classes and of profesaora a fair picture of the world 
of knowledge. Whatever he needs to know there is 
some one ready to teach him, some one competent to 
discipline him in the way of learning ; whatever b^H 
BjK'eial hent> let him but be able and diligent, and i^ 
due time he shall find distinction and a career. Among 
hia profeaaoia, he sees men whose names arc known 
and revered throughout the civilized world ; and their 
living example infects him with a noble ambition, a.nd a 
love for the spirit of work. ^M 

The Germans dominate the intellectual world b^* 
virtue of the same simple secret as that which made 
Napoleon thenmater of old Europe. They have declared 
la carriSre ouverte aux talents, and every Bursch 
marches with a professor's gown in his knapsack. I^t 
him become a great scholar, or man of science, au^f 
mitustcrB will compete for his services. In Germanj^ 
they do not leave tlio chance of hia holding the oifica 
he would render illuHtrinua to the tender mercies of 
hot eaiivaHB, and the iitiol wisdom of a mob of count 
pnntou 

In shxr irriaiiy,tha umveisities are exactly whi 

nmissioncrs tell ub 
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English nniversitiea are not ; that is to say, coTporjitiona 
"of leamed men devoting their lives to the cultivatioa 
of science, and the direction of academical education." 
They are not "boarding schools for youths," nor clerical 
Bcminaries; hut institutions fox the higher culture of 
tnen, in which the theological faculty is of no more 
importance, or prominence, than the rest ; and which 
are truly " universitiea," since they strive to represent 
and emtiody the totality of human knowledge, and 
to find Toom for all forma of intellectual activity. 

May zealous and clcar-hcajcd rc^forincrs like Mr. 
Pattison succeed in their noble endeavours to shape 
our universities towards some such ideal as ihia, without 
losing what is valuable and di&tiuctive in their social 
tone I But until tlieyhave succeeded, a liberal education 
will be no more obtiilnaMe in our Oxford and Cumliidge 
Universities than in our public selioola. 
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If I am justified in my conception of the ideal of a 
liberal education ; and if what 1 have said about the m 
existing educational institutions of the country is also H 
true, it is clear that the two have no sort of relation 
to one another; that the best of our schools and the 
most complete of our university ti'aininga give but 
a narrow, one-sided, and essentially illiberal edin-ation — ■ 
while the worst give what is really nest to no education 
at all. The South Loudon Working-Men's Collega 
oould not copy any of these institutions if it wouhl. 
I am bold enough to express the conviction that it 
ought not if it could. 

Por what is wanted is the reality and not the mere 
uame of a liberal education ; and this College must 
steadily set before itself the ambition to be able to 
give that education tsooner or later. At present 
are but bcgiuning, ahaipeuing our educational tO' 
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as it were, and, except a modicum of physical sciencn, 
we are not able to oHer mucli more tlian is to be foui 
in an ordinary Bchool. 

Moral and social science — one of the greatest anf 
most fruitful of out future classes, I hope — at present 
lacks onlj one thing in our programme, and that is a 
teacher. A conalderable want, no doubt ; but it muat 
bo recollected that it is much better to want a teache^ 
than to want the desire to learn. ^| 

Further, we need what, for want of a better name, 
I muat call Physical Geography. What I mean ia that 
which the Germans cull " Erdkunde." It ia a descrip- 
taon of the earth, of ita place and relation to other 
bodies ; of ita general structure, and of its great features 
— winds, tides, mountains, plains; of the chief fumia 
of the vegetable and animal worlds, of the varieties 
of mart It is the peg upon which the greatest quantity 
of useful and entertaining scientific information can be 
euapended. 

Literature is not upon the College programme ; but 
I hope some day to see it there. For literature is 
the greatest of all sources of refined pleasure, and one 
of the great uaes of a liberul education is to enable 
us to enjoy that pleasure. There ia scope enough for 
the purposes of liberal education in the study of the 
rich ti-eaam*es of our own language aloue. All that 
ifl needed is direction, and the cultivation of a refined 
taate by attention to sound criticism. But there ia 
DO reason why Fi'cnch and German shouid. not be 
mastered sufficiently to read what is worth reading 
in those languages, with pleasure and with profit J 

And finally, by-and-by, we must have History^ 
treated not as a succession of battles and dj-nasties ; 
not as a series of biographies ; not as evidence thai 
Providence has alwaya been on the aide of either Wl 
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or Tories; tut as the development of man in times 
past, and in other conditions than our own. 

But, as it is one of the principles of our College to 
be self-supporting, the public must lead, and we must 
follow, in these matters. If my hearers take to heart 
what I have said about liberal education, they will 
deajre these things, and I doubt not we shall be able 
to supply them. But ve must wait till the demand 
is mado. 
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SCTENTIFIC EDUCATION: NOTES OF AN 
AFTEK-DINNER SPEECa 



[Ma. Thacxerat, talkiBg of nfter^lmnepspeprhoe, Tjm iDmentsd thai 
"ooe never can recullcct the fitio tliinga one Uionijlit of in tho 
cab," in going to the place of enturtainniQDt I am ]ir>t aware tliat 
there are any "fine thinj^a" in the following pjigea, but such ns 
tliere are stand to & apeecli which rcatly did gut itself Fpoken, at 
the huspitublc table of tbo Livcrfiool Philoinitlliio SoL'ieby, mora 
leae in tho poeitioa of what "oiio thougliL of in Ibe cab."j 
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introduction of scientific training into the gene 
education of the couatry is a topic upon whicb I 
3iild not have spoken, without some more or leaa 
'apologetic introduction, a few years ago. But npon 
this, as upon other matters, public opinion has of late 
undergone a rapid modification. Committeea of both 
Houses of the Legislature have agreed that something 
must be done in this direction, and have even thrown 
out timid and faltering suggestions as to Trhat should 
be done; while at the opposite pole of society, com- 
mitteea of working-men have expressed their conviction 



that scientific tru.imng is the one thing needful for 



their advancement, whether qa men, or as workmen^ 
Only the other day, it was my duty to take port i^M 
the reception of a deputation of Loudon working men, 
who desired to learu from Sir Roderick Murehison, tlio 
Director of the Koyal School of Mines, whether the 
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organization of the Institution in Jerniyn Street cmiM 
be made available for the supplj of that scientific ' 
iDstniction, the need of which could not have been 
apprehended, or el^ited, more clearly thixn it was by | 
thorn- 

Tho beads of eollogea in cur great ITniversitioa (whoj 
have not the reputation >f being the most mobile ofj 
pt-reons) have, in several cases, thought it well that;[ 
out of the great number of honours and rewards at] 
tJieir disposal, a few should hereafter be given to thoj 
^cultivators of the physical sciences. Nay, I hear that 
^^Oiue colleges have even gone so far as to appoint one, 
or, may be, two Bpecial tutors for the purpose of putting. 
the facts and jirinciples of physical Bcience before tha 
undergKiduate mind. And I say it with gratitude 
and great respeet for those eminent persons, that the] 
head masters of our public schools, Eton, Harrow, 
Winchester, have addressed themselves to the problem i 
of introducing instruction in physical science amoDs^f 
the studies of those great educational bodit-S, wim^^ 
much honesty of purpose imd ouligbtenmcnt of unde]> i 
standing; and I live in hope that^ before long, irapor-B 
taut changes in this dlrectlou will be e.7rried into effect™ 
in tlioe<e strongholds of ancieut prescription. In fact, 
such changes have already been made, and physical 
wicnce, even now, constitutes a recognised element of 
ihu school cuiriculuui iu Harrow and Bugby, whilst 
I understand that ample preparations for such studies 
we being made at Eton and elsewhere; 

looking at these facts, I might perhaps spare myse 
the trouble of giving any reasons for the introduction] 
of physicid science into elementary education; yet £■ 
cannot but think that it may be well, if I place beforo 
you some considoaationa which, pcrlia|»a. Lave Lardljr 
let^civcU fiitl attention. 
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At othor times, and iu nth'u- pljicea, I have eudeavoMi 
to state the higher and more abstract arguments, hf 
which the study of physical scienco may be shown 
to be indispensable to the complete training of tlin 
human mind ; but I do not wish it to be suppospil 
that, becanae I happen to be devoted to more or Icsa 
abstract and *' unpractical" pursuits, I am insensible 
to the weight which ought to be attached to that whii;h 
has bceu said to be the English conception of Panidiflc 
— *' namely, getting on." I look upon it, that " getting 
on" ia a very important matter indeed. I do not 
mean merely for the sake of the coarse and tangible 
results of success, but because humanity is so con- 
stituted that a vast number of us would never be 
impelled to those stretchea of exertion which make 
ua wiser and more capable men, if it were not for the 
absolute necessity of putting on our faculties all the 
Btrain they will bear, for the purpose of "getting oa" 
in the most practical sense. ^ 

^ Now the value of a knowledge of physicnl science 
as a means of getting on, is indubitable. There are 
hardly any of our trades, except the merely huckstering 
ones, iu which some knowledge of science may not 
be directly profitable to the pursuer of that occupation. 
As industry attains higher 8ta»ea of its development, 
aa its processes become more complicated and refined, 
aud competition more koen^ the sciences are dragged 
in, on© oy one, to take their share iu the fray ; and 
he who can heat avail himself of their help is the man 
who will come out uppermost in that struggle for exist- 
ence, which goes on as fiercely beneath the smootli 
surface of modern Bociety, as among the wild inhabit 
Ante of the woods. ^1 

But, in addition to the bearing of eeienee on onlinary 
practical life, let nie direct your attention to its immense 
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influence on several of the professions. I ask any one ' 
who has adopted the callinj; of an engineer, how much 
time bo lost when he left school, because he had to 
devote, himself to pursuits which were absolutely novel 
and strange, and of which ho had not obtained tha 
reiQotcat conception from hia instructors ? He had 
to familiarize himself with ideas of the course and 
powers of Nature, to which his attention had never 
been directed during his school-life, and to learn, for; 
the first time, that a world of facts lies outside and 
beyond the world of words. 1 appeal to those who 
know what Engineering is, to say how far I am right 
Id respect to that profession ; but with regard to 
another, of no less importance, I shall venture to 
speak of my own knowledge. There is no one ofj 
us who may not at any moment be thrown, bound 
hand and foot by physical incnpacity, into the handa 
of a medical practitioner. The chances of life and 
death for all and each of us may, at any moment-, 
depend on the BtUl with which that practitioner ia 
able to make out what is wrong in our bodily frames, 
and on his ability to apply the proper remedy to thai 
defect 

The necessities of modem life are such, and the 
class from which the medical profession is chiefly 
pecniitwl is so situated, that few niddicul men can hope 
to spend more than three or four, or it may be five, fl 
years in the pursuit of those studies which are imme- ™ 
dintely germane to physic. How is that all too brief 

Iicriod Bjxtnt at pi-esent? I speak as an old examiner, 
;a%'ing served some eleven or twelve years in that 
capacity in the University of London, and therefore 
having a practical acquaintance with Ihe sobjccC; 
but I might fortify myself by the authority of the 
Tresidcut of the College of Surgeons, Mr. Quain, whom 
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I heard the other day in au aclmimble address (t!i« 
Huaterian Oiutiou) deal fully and wiacl/ with tbia vei^— 
topio.' ^1 

A young man commencing the-, study of medicine is 
at once required to endeavour to make an acquaiotjiuce 
with a numljer of sciences, such as Physics, as CLeniistry, 
as Botiiiiy, as Pliysiol'igy, which are al isuhitely and entirely 
Btrange to hlni, however excellent Lis so-called edueatioa 
at scliool may have hccn. Not only u he devoid of all 
ipprchcnsioii of .scientific conceptiuns, not only does he 
^fiiil to attach any mcuning to the woi-da "matter," 
"force," or "law" in their scientific senses, but, worao 
still, he has no notion of what it is to come into contact 
with natui'c, or to lay his mind alongside of a physical 
fiiet> and try to conquer it, in the way our great naval 
hero told ius captains to master their enemies. His 
whole mind has been given to books, and I am hardly 
exaggerating if I say that they are more real lo him 
Uthftu Naluro. He iinagiuca that all knowledge can be 
Pgot out of books, and rusts upon the authority of som^ 

• Mr. Qnflin^ wotHa (^f<di•ll Tivui and Cii/ffn, PeJminTy 20) are : — "T^^ 
fev words as to our spcctal iiii.'Llii.'al course of in^ttructiaD and the infliienc* 
up"n it of Biirh cliiiiigPH in the elementary schools aa I have mentioned. Th« 
Bltidciit nr>w entcTs at oiicc upon sBveral sciences — physic*, chcmistty.JuiMloniy, 
pliyaiulflxy, botany, phxirnnicy, therapeutics — all theae, the fjwta and ibo 
lang'iiiige nnd the fnws of ciich, ta be n.ifi3t«rcd in eighteen muntha. Cp to 
thu bt'i^itining of tho Medical cmirne many have l«»rneii little. Wc cannot 
eliiim nnything' hotter thn.i> the Exaininer of the UnivMsity of London and 
the Ciiiiibridg'U Lecturer have reported fi>r their Universities. Supposing ibut 
|j^ school young peopio hnd iie(.|uircd flome exnct elenienbi-ry knowledge in 
nhysica, chomislry, uml & hmti-ch of iiaUirn.1 histoiy— nsay bohtuy — wlih the 
phvaioIoKy connected with it, they would then have (piiiicrf ndceanary kjiow- 
lenge, with eoine pnictice in inductive reasoning. The wliolo studiiM an 
proteasea of oheerviition and induction — the best discipline of tlie miud foi 
the piirpoflw oi life— for our pnrpoaos not leaa than iinT- ' By such atujy 
(myM Dr. Wheiri^ll) of one or more departments of indijctiTe £i^ieiic>e thfl 
mind may cfi«i|i« from th« HinU-loiu of mere words.' By tlmt pliin tba 
burden of the e:irly Medical couiae would be njuch Itghteneii, oiiil more tintl 
il<^vot«(l to pnitt iciil studies, iiu'liidini; Hxt Thoutui Wutsua'a ' lutaJ dU(( 4iuf niiaM| 
9,\Mgf! ' of Ihv IkUttwleti^o tii M-edieiuek" ^^| 
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master or other ; nor does he entertain any misgiving 
lliat the method of learning which led to proficiencj' 
ia the rules of grammar, will suffico to lead him to a j 
maatciy of the laws of Nature. The youngster, thua 
unprepared for serious study, ia turned looae among 
his medical studies, with the result, in nine eases out 
of ten, that the first year of his euiTieulum is spent 
in learning how to learn. Indeed, he is lucky, if at 
the cud of the firat year, by the exertions of his teachers 
and his own industry, he has acquired even that art of 
arts. After which there remain not more than three, 
or perhaps four, years for the profitable study of such 
vast sciences as Anatomy, Physiology, Therapeutics, 
Medicine, Surgery, Obstetrics, aiid the like, upon his 
knowledge or ignorance of which it depends whether 
the practitioner shall diminish, or increase, the bills of 
mortality. Now^ what ia it but the preposterous con- 
dition of ordinary school education which prevents a i 
young man of seventeen, dcstiued for the practice of , 
medicine, from being fully prepared for the study of 
nature; and from coming to the medical school, equipped 
with that preliminary knowledge of the principles of 
Physics, of Chemistry, and of Biology, upon winch he 
has now to waste one of the precious years, every '. 
moment of which ought to be given to those studies 
which bear duectly upon the knowledge of his 
profession ? 

r- There is another profession, to the members of which, 
I think, a certain preliminary knowledge of physical 
Bcieuee might be quite as valuable as to the medical 
man. The practitioner of medicine sets before himself 
the noble object of taking ewe of man's bodily weHare ; i 
but the members of this other profession undertake to ^M 
"minister to minds diseased," and, so far as may be, 
to dimiuish gin and soften Borrow, i^e the medical 
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profcasiou, tbe clerical, of which I now Bpcak, rcsta 
power to heal upon its knowlfdge of tlic order of the 
universe— upon certain theories of man's relation flH 
that which lies outside him. It is not my business ^t 
express any opinion about these theories. I merely 
wish to point out that, like all other theories, they are 
jrofessedly baaed upon matter of fact Thus the clerical 

>f<es3ion has to diial with the facts of Nature from a 
certain point of view; and bcucc it comes into contact 
with that of the man of science, who hiut to ti-eat the 
same facts from another point of view. You know how 
often that contact is to be desciibed aa collision, or 
violent friction ; and how great the heat, how lit 
the light, which commonly results from it 

In the interests of lair play, to say nothing of those 
of mankind, I ask. Why do not the clergy aa a body 
acquire, as a part of their preliminary education, some 
[Buch tincture of physical science as will put them in 
a position to understand the difficulties in the way 
of accepting their theories, which aro forced upon the 
mind of every thoughtful and iiitelligent man, who has 
taken the trouble to instruct himself in the elemeut^H 
of natural knowledge? ^| 

Some time ago I attended a large meeting of the 
clergy, for the purpose of delivering an address which 
I had been invited to give. I &poke of some of the 
most elementary facts in physical science, and of the 
manner in which they direetly contradict certain of the 
ordiuiiry teachings of the clergy. The result was, that, 
after I had finished, one section of the assembled ecdoH 
siastics attacked me with all the intemperance of pioil^ 
zeal, for stating facts and conclusions which no com- 
petent judge doubts ; while, after the first speakers had 
subsided, amidat the cheers of the gi-eat majority of their 
colleagues, the moxe rational minority rose to tell ma 
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that I bad taken whoUy superfluous pains, that they 
already knew all about what I had told them, and 
perfectly agreed with me. A hard-headed friend 
mine, who was present, put the not unnatural question, 
"Then why don't you say so in your pulpits?" to 
which inquiry I heard no reply. 

In fact the clergy are at present divisible into three 
sections : an immense body who are ignorant and speak i 
out ; a small propoitiou who know and are silent ; ^| 
and a minute minority who know and apeak according ™ 
to their knowledge. By the clergy, I mean especially ^ 
the Protestant clergy. Our great antagonist — I apeak ^| 
as a man of science— the Roman Catholic Church, the™ 
')ne great spiritual organization which is able to resist^ 
and must, as a matter of life and death, resist, the 
progress of science and modem civilization, managca 
her aflairs much better. 

It was my fortune Bome time ago to pay a visit to 
one of the most important of the institutions in which 
tlie clergy of the Koman Catholic Church in these islands 
are trained ; and it eeeraed to me that the difference 
l>etween these men and the comfortable champions of 
Anglicanism and of Dissent, was comparable to the 
difference between our gallant Volunteers and the 
trained veterans of Napoleon's Old Guard. 

The Catholic priest is trtiined to know his business, 
and do it effectually. The professors of the college in 
questioii, learned, zealous, and determined men, per- 
mitted me to speak fnmkly with them. We talked like 
ootposts of opposed ai-mies during a truce — aa friendly 
enemies; and when 1 ventured to point out the diiti- 
enltiea their students would have to encounter &om 
scientific thought, they replied : "Our Church has lasted 
many ages, and has passed safely through many storms. 
The present is but a new gust of the old tempest, and 
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we ^o not turn out ourj'ouDg men le^ fitted to we.atlier 
it, tlian they have been, in former times, to cojie with 
the difiiciiltica oi those times. The hcrcaics of the day 
are explained to them by their professors of philosophy 
and acicucc, and they arc taught how those hcr^isics ar^ 
to be met" ^1 

I heartily respoet an organization wbioh faces its 
enemies in tliis way ; and 1 wish tliat all ccclesiaatical 
organizations were in a3 effective a condition. I tliink 
it would be better, not only for them, but for us. The 
army of liberal thought is, at present, in very loose 
order; and many a spirited free-thinker makes use of 
his freedom mainly to vont nonsense. We should he 
the better for a vigorous and watchful enemy to hammer 
us into cohesion and diecipliue; and J, for one, lament 
tliat the beueh of Bishops cannot show a man of 
the calibre of Butler of the " Analogy," who, if he 
were alive, would make ehorb work of much of the 
current d> priori " infidelity." 
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I hope you will consider that the arguments I bai 
niiw stated, evou if there were no letter ones, con" 
stitute a euihcieut apolrigy for urging the introduction 
of science into scliuuls. The nest question to which 
I have to addi'eas myself is. What sciences ought to be 
thus taught '{ And this is oue of the moat important of 
questions, becjLuao my side (I am afraid I am a terribl|H 
candid friend) 6om;;times spoils its cause by going ii^ 
for too muL'h. There are other forms of culture bcaida 
jihysical aeienoe ; and I should be profoundly soiTy to 
see the fact forgottiin, or even to observe a tendency to 
starve, or cripple, literaiy, or jeathetic, culture for the sake 
of aeieuce. Such a narrow view of the nature of cducii- 
tif^n has not.IiLJig to do witli my firm conviction that 
a complete and tliorough scicutilic culture ought to Ixj 
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inirojnce^ into all schools. By thig, towpver, I clo not] 
mean tliat evei-y schoolboy should be tixiiglit t.-verj-tking 
in scienL'e. That would be a very absurd thing to con-' 
ceivc, and a veiy miachievous thing to attempt. Whnt 
1 mean is, that no boy nor girl should Ituve Bchool 
without possessing ji gnisp of the general cliaractcr oil 
science, and without having been disciplined, me^re orf 
loss, iu the methods of all sciences ; so that, when'] 
turned into the world to mtiko their o^vii way, tlieyi 
shall be prepared to face scientific problems, not by 
knowing at once the conditions of every problem, or' 
by being able at once to solve it ; but by being familiar 
with the general cuirent of scientific thought, and by] 
being Jiblc to apply the methods of science in thai 
proper way, when they hnve acquaiiited themselves with' 
tlie conditions of the special problem. 

That is what I understand by scientific education.] 
To furnish a boy with Bueh an education, it is by noJ 
means nccGSsary that he uhould devote his whole school 
existence to physicid science : in fact, no one would 
lament so one-sided a proceeding more than I. Kay 
more, it is nob necesamy for Lim to give up more than a 
moderate shai*e of his time to such studies, if they be 
properly selected and aiianged, and if lie be trained iu i 
them in a fitting manner, 

I conceive the proper course to be somewhat aa, 
follows. To begin with, let eveiy child be instructed inl 
those general views of the phenomena of Nature for 
which we have no exact English name. The nearest ^ 
approximation to a name for what I mean, which we H 
nosBeaa, is " physical geography." The Germans have a ^ 
Letter, " Erdkunde," ("earth knowledge" or "geology" 
in ita etymological sense,) that is to say, a general know- 
ledge of the earth, and what is on it, in it, and about it. 
If any one who has had experience of the ways of young 
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children will call to mind their questionfl, he will find 
that 80 far as they can b<s put into any scientific category, 
they come under this head of *' Erdkunde." Tlie child 
auks, " What is the moon, and why does it ahine'?" 
" What ia this water, and where does it run?" " What 
is the wind ? " " What makes the waves in the sea ? " 
'* Where does this animal live, and what is the use of 
that plant?" And if not snubbed and stunted by being 
told not to ask foolish questions, there is no limit to the 
intellectual craving of a young child ; nor any bounds to 
the slow, but solid, accretion of knowledge and develop' 
ment of the thiuking faculty in this way. To all suclfl 
questions, answers which arc necessarily incomplete, 
though true as far as they go, may be given by any 
teacher whose ideas represent real knowledge and not 
mere book learning; and a panoramic view of Nature, 
accompanied by a strong infusion of the scientific habit 
of mind, may thus be placed within the reach of every 
child of nine or ten. 
■^' After this preliminary opening of the eyes to t!i6 
gi'eat spectacle of the daily progress of Nature, aa the 
reasonijig faculties of the child grow, and he becomes 
familiar with the use of the tools of knowledge — reading^^ 
writing, and elementaiy mathematics — he should pa^jfl 
on to what is, in the more strict sense, physical science. 
Now there are two kinds of physical science : the one 
li'gards form and the iclatloa of forms to one another ; 
tho other deals with causes and effects. Tu raanv of 
wliat we term onr sciences, these two kinds are mixed 
up together; but systematic botany is a pure example 
of the former kind, and physics of the latter kind, of 
science. Every educational advantiige which trainin g 
iu physical science can give is obtainable from the prop^H 
study of these two ; and I should be contented, for tli^* 
present, if they, added to our " Ei-dkunde,'* furulohed 
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the whole of the aeieiitifie currieulum of schools. ludeed, 
I concPLVo it would be odo of the gi'catost boous wlik-h 
could be c<jnferred upon England, if henceforward every^ 
child in the countrj were instructed in the generalH 
tuowledge of the things about It, in the elcnifuM 
of physics, and of botiiny. But I should be still 
better pleased if there could bo added somewhat of 
chemistry', and an elementary acquaintance with, human 
physiology. 

So far as school education is concerned, I want to go 
no further just now ; and 1 believe that such instruction 
would make an excellent introduction to that preparatory 
scientific txaining which, as I have indicated, is so essen- 
tial for the successful pursuit of our most important pro- 
fes&ioua. But this modicum of instruction must be so 
^veuas to ensure real knowledge and practical discipline. 
If seientific education is to he dealt with as mere book- 
work, it will be belter not to attempt it, but to stick to 
the I*atiu Grammar, which makes no pretence to be any- 
thing but bookwork. 

If the great benefits of scientific training are sought, 
it is essential that such ti-aining should be real : that la 
to sny, that the mind of the scholar should be brought 
into direct relation with fact, that he should not merely 
Imj told a thing, but made to see by the use of Ma own 
intellect and ability that the thing is so and no otherwise. 
The great peculiarity of scientific, training, that in virtue 
of which it cannot be replaced by any other discipline 
whatsoever, is this bringing of the mind directly into 
contact with fact, and practising the intellect in the 
completest fonn of induction ; that is to say, in drawing 
conclusions from particular facts made known by imme- 
diate oUservation of Nature. 

The other studies* which enter into ordinary education] 
do not discipline the mind in this way. Mathejoiuticul] 



training is almost purely deductive. The mathematiciMi 
atarta with a few simple propoeitious, the proof of which 
is 80 oltvious that tliyy are called self-tvideiit, and tli« 
rest of his work rionsists of aubilc deductions from tlietiiH 
I'he teaching of languages, at any rate as ordinoi-il^^ 
practised, ia uf the same general uature.—authority awl 
ttjiditiou furnish the data, aud the mental operations of 
llie acholai" are dctluctive. ^m 

Again : if history be the aubjcct of study, the fanlil 
are still taken upon the evidence of tradition and au- 
thority. Yon cannot inake a boy bco the battle q^ 
Thcnnopylro for himself, or know, of his own knov^^ 
ledge, that Cromwell once ruled England. There is no 
getting into direct contact with natural fact by this 
voad ; there is no dispensing with authority, but rather a 
resting upon it. fl 

In all these respects, science cliffers from other edt^* 
eational discipline, aud prepares the scholar for common 
life. What have we to do in every-day life ? ilost of 
the business which demands our attention is matter of 
fact, which needs, in the first place, to be accurately 
observed or apprehended ; in the second, to be inter- 
preted by inductive and deductive reasonings, which are 
altogether similar in their nature to tlioae employed iu 
science. In the one case, as in the other, "whatover is 
taken for granted is so taken, at one's own peril ; fact 
and reason are the ultimate arbiters, and patience and 
houesty are the gi-eat helpers out of difficulty, ^M 

But if soientiiie training is to yieUl its moat ominei^^ 
results, it must, I repeat, be made practical That ia tu 
Siiy, in explaiuing to a child the general phcenomcna of 
Uuture, yuu must, as far aa possilile, give reaUty to your 
teaching by object-lessons; in teacliing him botany, he 
must handle the plants and dissect the flowers for him- 
Bolf ; iu teaching him physics and chemistry, you mi 
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not be solicitous to 611 him with informatzoa, 
must be careful tlmt wLat he Iciiriia he knows of hia own' 
kuowleilgo. Don't be satisfled with telling hira that 
magnet attracts iron. Let him sec that it docs ; l<:;t liii 
foel the puli of the one upon tlio otbci- for himsplf. AnJ, 
ra|)ecially, tell him that it is his duty to doubt until he 
is compelled, by the absolute authority of Nature, toJ 
b<dieve that which is written in books. Pursue thifl 
discipline carefully and conacicntiously, and you mai 
make Bure that, however scanty mny be the measure 
iuformation which you have poured into the boy's mind,] 
you have created an intellectual habit of priceless value] 
in practical life. 

One is eon.stantly asked, YTien should this scientific 
educjition be commenced? I should say with the dawu 
of intclliffcnce. 



for infonnation 

soon as it l»egina to tilk. 



As I hare already said, a chiU scck&fl 
about matters of physical science as , 



The first teaching it wanta 



is an object-lesson of one sort or another; and as soon 
as it is fit for systematic instruction of any kiud, it is fit] 
for a modicum of science. 

People t;dk of the difBculty of teaching youngi] 
children such matlcrs, and in the same breath insist 
upon their Icjiniing their Catechism, which contains 
propositions far harder to comprehend than anything^^B 
in the cducatiourd coHr-se I have proposed. Again: I^^ 
am incessantly told that we, who advocate the intro- , 
duction of science into schoola, make do allowance for^ 
the stupidity of the average boy or girl; but, in my^ 
belief, that stupiclity, in nine cases out of ten, *^Jit, iion 
tvigcitur," and is developed by a long process of parentidi 
uid pedagogic repression of the natural intellectual ap-' 
jictitcs, accompanied by a persistent attempt to create' 
artificial ones for food Vfhkh ia nut only tustck'»a, but 
taweutially indigeatihle. 
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Those who urge the difficulty of mstructiDg young 
people in science are apt to forgot another very im- 
portant condition of success — important in all kinds of 
teaching, but moat essential, I am disposed to think, 
when the scholars arc very young. This condition ia, 
that the teacher sliould himself really and practically 
know his subject. If he does, he will lie able to speak 
of it in the easy language, and with the complet-cness 
of conviction, with which he talks of any oi-diiiary 
every-day matter. If he does not, he will be afraid to 
wander beyond the limits of the technical phraseology 
which be has got up ; and a dead dogmatism, ■which 
oppresses, or raises opposition, will take the place of 
the lively confidence, bom of personal conviction, which 
cheers and encourages the eminently sympathetic mind 
of childhood. |H 

I have already hinted that such scientific training fl^ 
we seek for may be given without making any extrar 
vagant claim upon the time now devoted to educatic^H 
"We ask only for " a most favoured nation " clause in 01^^ 
treaty with the schoolmaster ; we demand no more than 
that science shall have as much time given to it as any 
other single subject — say four houi's a week in each claa^ 
of an ordinary school. ^| 

For the present, I think men of science would be well 
content with such an armugement as this ; but speaking 
for myself, I do not pretend to believe that such an 
arrangement can be, or will be, permanent In these 
times the educational ti-ee seems to me to have its roots 
in the air, its leaves and flowers in the ground ; and, I 
conJe^^, I should very much like to turn it upside dowi^| 
BO that its roots might be solidly embedded among tb^^ 
facta of Nature, and draw thence a sound nutrimeut 
for the foliage and fruit of literature and of art No 
educational system can have a claim to pcrmanenco, 
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unless it recognizes tte truth that education haa two 
great ends to which eveiything else must be subordinated. 
The one of these is to increase knowledge ; the other is 
to develop the love of right and the hatred of wrong. 

With wisdom and uprightness a nation can miite its 
way worthily, and beauty will follow in the footsteps of 
the two, even if she be not specially invited ; while there 
is perhafs no sight in the whole world more saddening 
and revolting than is offered by men sunk in ignorance 
of everything hut what other men have written ; seem- 
ingly devoid of moral behef or guidance ; but with the 
sense of beauty so keen, and the power of expression so 
cultivated, that their sensual caterwauling may be ahnost 
mist^en for the music of the spheres. 

At present, education is almost entirely devoted to the 
cultivation of the power of expression, and of the sense of 
literary beauty. The matter of having anything to say, 
beyond a hash of other people's opinions, or of possess- 
ing any criterion of beauty, so that we may distinguislf 
between the Godlike and the devilish, is left aside as of 
no moment. I think I do not err in saying that if 
science "were made the foundation of education, inst^aid 
of being, at most, stuck on as cornice to the edifice, this 
state of things could not exist. 

In advocating the introduction of physical science 
as a leading element in education, I by no means refer 
only to the higher schools. On- the contrary, I believe 
that such a change is even more imperatively called for 
in those primary schools, in which the children of tlie 
])oor are expected to turn to the best account the little 
time they can devote to the acquisition of knowk-dgo. 
A great step in this direction has ah'eudy been made 
by the establishment of science-classes under tlie L^f- 
partment of Science and Art, — a measure whi<Ji came 
into existence unnoticed, but which will, I bc!ii;ve, tuiu 

6 



oat to be of more iinport^-iucc to the welfare of the 
ptx>plc. ttian many pi>hLii;al changes, over which thM 
iioisQ of battle hus rent the air. ^| 

Under the regulations tn which I refer, & schoolmaster 
nan set up a class in one or more branches of science ; 
Ills pupils will be examined, and the State will pay hJin. 
at a certain rate, for all who succeed in passing. ^H 
have acted as an examiner under this system from tl^^ 
hcginniug of its establish mo iiK and this year I expect 
to have not fewer than a couplo of thousand sets of 
answers to guestious in Physiology, mainly from young 
]icople of the arti-yan class, who have been taught in 
the schools which are now scattered all over Great 
Britain and Ireland. Some of my colleagues, who have 
lo deal with subjects such as Geometry, for which the 
'resent teaching power is bettor organized, I uuder- 
.tand are likely to have three or four times <is many 
papers. So far as my own subjects are concerned, 1 can 
undertake to say that a great deal of tlie teaching, the 
i-caults of whicli are before me in these examinations, is 
very smind and good ; and I think it is ui the power of 
the examiners, not only to keep up the present standard, 
but to cause an almost unlimited improvement. Now 
what doca this mean? It means that by holding out 
a very moderate inducement, the masters of primary 
chonla in many parts of the country have been led to 
^ uiivi'rt theiu into little foci of acientifif, instruction ; and 
I bat they and their pupils have contrived to find, or to 
make, time enough to carry out this object with a very 
i;ousiderable degree of elficiency. TJmt efficiency will, 
1 »lQibt not, be very much increased as the system 
heconies known and pcrfeeted, even with tlie very 
Jimitad leisure left to masters and teachers on week- 
days. And this h-jids me to nsk. Why should scientific 
teaching be limited to week-days 3 
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EcclesiastieaTly-minded persons are in the habit of 
calling things they do not like by very hard names, and 
I should not wonder if they brand the proposition I 
am about to make as blasphemous, and worse. But, 
not minding this, I venture to ask. Would there really be 
anything wrong in using part of Sunday for the puipose 
of instructing those who have no other leisure, m a 
knowledge of the phsenomena of Nature, and of man's 
relation to Nature ? 

I should like to see a scienti6c Sunday-school in every 
parish, not for the purpose of superseding any existing 
means of teaching the people the things that are for 
their good, but side by side with them. I cannot but 
think that there is room for all of us to work in helping 
to bridge over the great abyss of ignorance which lies 
at our feet 

And if any of the ecclesiastical persons to whom I 
have referred, object that they find it derogatory to the 
honour of the God whom they worship, to awaken the 
minds of the young to the infinite wonder and majesty 
of the works which they proclaim His, and to teach 
them those laws which must needs be His laws, and 
therefore of all things needful for man to know — I can 
only recommend them to be let blood and put on low 
diet There must be something very wrong going on 
in the instrument of logic, if it turns out such couclu- 
fiions from Buch premisea. 
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attention 



The subject to which 

diuing the ensuing hour ia " The Rulution of Physios- 
logical Science to other braaches of Knowledge," ^M 

Had circiimstJLiiccs permitted of the delivery, in 
their strict logical order, of that aeries of discourse^^ 
of which the present lecture is a member, I shouldH 
have preceded my friend and colleague Blr. Henfrey, 
who addressed you on Monday last; but -while, fot^ 
the sake of that order, I must beg you to suppose thajfl 
this discussion of the Edueittional bearings of Biology 
in geuorul docs precede that of Special Zoology and 
Botany, I am rejoiced to be able to take advantage of 
the light thus ali-eady thrown upon the tendency ani^H 
methods of Physiological Science. ^B 

Regarding Physiological Science, then,"in its widest 
sense — as the equivalent of Biology — the Sdenee 
Individual Life — we have to consider in succession : 

1. ItB position and scope as a branch of Icnowledgc 

2. Its value as a means of mental discipline. 

3. Its worth as practical information. 
And lastly, 

4. At what period it may best bo madu a branch 
Education. 




Our conclusions on the first of these heads must 
depend, of course, upon the nature of the subject- 
matter of Biology ; aud I think a few preliminary 
Considerations will place before you in a dear light 
the vast difference which exists between the liTing 
bodies ■witli which Physiological science is concerned, an' 
the remainder of the universe ; — between the phtenome; 
of Number and Space, of Physical and of Chemical forci 
on the one hand, and those of Life on the other. 

The matberaatician, the physicist, and the chemist 
contemplate things in a condition of rest ; they look 
upon a state of C'Cjuilibrium as that to which all bodies 
normally tend- 



a 
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The mathematician does nofc auppose that a quantity 

its direction with regard to another point, spoiita-B 
neously. And it is the same with the physicist. When" 



■will alter, or that a given point in space will chango 

its direction with regard to another po 

neously. And it is the same with the physi 

Newton saw the apple fall, he concluded i 

tiic net of falling was not the result of any jiowi 

inherent in the ajjple, but tliat it was the result of the 

action of sometiiiug else on the apple. In a similar 

manner, all physical force is regarded as the disturbance 

of an equilibrium to which things tended before its 

exertion, — to wliich they will tend again after ita 

cessation. 

The chemist equally regards chemical change in a 
body, as the elfeet of the action of something external 
to tho body changed. A chemical compound ouce formed 
would pereist for ever, if no alteration took place in 
Burrouiuling eonditions. 

But to the student of Life the aspect of Nature is 
reversed. Here, incessant, and, so far as we know, 
spontaneous change is the rule, rest the exception- 
toe aoo 
no inertia. 



at 1 
erfl 



maly to be accounted for. Living things have 
and tend to no cquilibriam. 
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Permit me, however, to give more force and clearnc 
to these soraewliat abstract considerations, by an illust 
tion or two. 

Imagine a vessel fiiU of water, at the ordinary tenvi^ 
pemturo, in an atmosphere saturated with vapour. The 
quantity and the Jifjure of that water will not chang e. 
so far as we know, for ever. ^| 

Suppose a himp of gold be thrown into the vessel^ 
motion and diatnrijance of figure exactly proportional 
to the momentum of the gold will take place. But afte^fl 
a time the efl'ects of this disturbance will subside— ^^ 
equilibrium will bo restored, and the water will return 
to ita passive state. 

Expose the water to cold^it will aolidffy — and in 
ita particles will arrange themselves in definil 
crystailiinc shapes. But once formed, these cryst 
change no further. 

Again, subatitute for the lump of goW some snlistant 
capable of entering into chemical relations with the 
water :— say, a mass of that substance which is called 
" protein " — the substance of flesh : — a very considerable 
disturbance of equilibrium will fcike place — all sorts of 
chemical compositions and decompositions will occur; 
but in the end, as before, the result will be the resump- 
tion ora condition of rest. 

Instead of such a maaa of dead protein, howevf 
take a particle of living protein — one of those minus 
mieroscopic living tbinga which throng our pools, aa< 
are known as Infusoria — such a creature, for instance, 
an Euglena, and place it in our vessel of water. It is 
round mass provided with a long filament, and except 
in this pccuUaxity of shape, presents no appreciable' 
physical or chemical difference whereby it might bo 
distinguished from, the particle of dead protein. 

But the di£fcroDco iu the phenomena to which 
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in the first place it will 



will give rise is imincnae 

develop a vast quantity of pUj'sical force— cleaving 

the water in all dii'iictioua witli consul lii'ablo rapidity 

by means of the vibrations of tlie long filamont 

cilium. 

Nor is the amount of chr-mipal energy wlncli the littl 
creature possesses less strikiug. It is a perfect laboratoryi 
in itself, and it will act and react upon the water an 
the matters contained therein ; converting them into new 
compounda reaembliug its own substance, and at the 
same time giving up portions of its own substance which. 
have become effete. 

Furthermore, the Euglena will increase in size ; bu 
this increase is by no means unlimited, as the increase 
of a crystal might be. After it baa grown to a certain 
extent it divides, and each portion assumes the form 
the original, and proceeds to repeat the process of grow 
and division. 

Nor is this all. For after a serios of such divisions 
and subdivisions, thcac minute points assume a totally 
new form, lose their long tails — round themselveSj and 
secrete a sort of envelope or box, in which they remain 
shut up for a time, eventually to resume, directly or 
indirectly, their primitive mode of existence. 

Now, so far as wo know, there is no natural limit to 
the existence of the Eugfena, or of any other living germ. 
A living species once launched into existence tends to 
live for ever. 

ConRider how widely diflerent this living pai-ticle i», 
from the de^itl atoraa with which the physicist aud 
chemiat bave to do! 

Th'; pai-tidc of gold fidla to the bottom and rests—' 
the particle of dead pintpjn decompusea and disappears — 
it ftbo pests ; but tlie living protein maas neither tenda 
to exhaustion of its forces nor to any permanency of 
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fnrm, but is essentially distinguished na a disturW 
of ecjuililiriiiTn so f:ir as force is coneerned,— as uudei > ^ 
^Ing couciuuul lucUmurpbosis and change, in point <^f 

Tendency to equilibrium <^ force and to permanency™ 
of form, then, are the characters of tbat portion of thd 
universe wliich does not live — the domain of tlic chemist 
l, and physicist 
I Tendency to disturb existing equilibrium — to tnlco on 
forms which succeed one auotftcr in definite cycles — ia 
the character of the living "world. 

What is the cause of this wonderful difTerencn. between 
the dead partidc ami the living particle of matter 
appearing in oflier resprTtts idcntican that dlHtircnca 
to which we give the name of Life 1 

I, fur one, cannot tell you, It may bo that, by an 
by, pliiJosophcrs will discover some higher laws of which' 
the facts of life are particular cases— very ]»osaibly they 
will find out some bond between physico-chemical 
pbajnomena on the one hand, and vital phenomena 
on the other. At prtaent, however, we assuredly know 
of none; and I thiiik we shall exercise a wise humility 
in eonfessiuj; that, for us at least, ttiis successive tissump- 
tion of diH't'rent stjite? — (extern.i.1 conditions remaining 
the same) — this spontuncihj of nction-^U I may iiso 
n U-rm which irapIiL^s more than 1 would be answerable 
for — which constitutes so vast and plain a practical 
distinction bijtween living bodJcs and Uiosli whiuh do 
not live, is an ultimati^ fav-t ; indicating as such, the 
existence of a broad line of demarcation between th« 
Bubjeei-inaMor of Biological and that of all otlier seicneea. 

For 1 would have it understood that this simple 
JEuglena is the type of all living things, so far ss the 
distiurtion between these and inert matter is concerned. 
That cycle of chiiuges, which ia constituted by pcrhapa 
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not more than two or three stops in the Engtena, 
as clearly manifested in the multitudinous stages through' 
which the guriu of an oak or of a man passes. What- 
ever forms the Living Being may take on, whethei 
simple or complex, ^jrocificfion, growth, rep7-oduciiont' 
ore the phcenomeua which distinguish it from that, 
which dots not live. 

If this he true, it is cToar that the student, in pasBint 
from the physico-chemical to the physiological sciences^ 
entcre upon a totally new order of facts ; and it will 
next, bo for ua to consider how far these new facts 
involve ncxo methods, or rctjuiro a modiGcation of those 
with Tvhich he is already acquainted. Now a great 
deal is said about the peeulianty of the scientific method 
in general, and of the dill't^reut methods which are 
pursued in the different sciences. The Mathematical 
are said to have one S]>ecial method ; Physics another. 
Biology a third, and so forth. For my own part, I 
must confess that I do not understand this phraseoiogy,B 

So far as I can arrive nt any elcaj comprehension 
of the matter, Science is not, as many would seem to 
Bupposc. a modification of the black art, suited to the 
tast«8 of the nineteenth century, and flourishing mninl] 
in consequence of tho decay of the Inquisition. 

Science is, I believe, nothing but trained and ojyee-J 
nized common sense, differing from the latter only as 
a veteran may differ from a raw recruit : and its jnethoda 
ditt'er from those of common sense only so far as thd'l 
gimrdsnian's cut and thrust differ from the manner 
in wliiila a savage wields his club. The primary power 
IB the same in each case, and perhaps the untutorcd-fl 
cavage has the more brawny arm of tho f wa The 
retd ailvantage lies in the point and polish of the 
Bwordsmnn'e weapon; in the trained eye quick to spy 
out tho weakuei-w of the adversary; in the ready hand, 
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prompt to follow it on the instant But, after all. tl 
sword extruUo is only the hewing aad potdug of 
dubiuan developed and perfected. 

So, the vast results obtained by Science are won 
by no niygticnl faculties, by no mental processes, otlu>r 
than those which are practised by every one of us, 
in the humblest and meanest affairs of life. A detective 
policeman discovers a bui^Iar from the marks made 
by his shoe, by a mental process identical with that 
by which Cuvier restored the extinct animals of Mont- 
martre from fragments of their bunes. Nor does that 
pi-oce88 of induction and deduction by which a lady, 
finding a stain of a peexdiar kind upon her dress, con- 
cludes t}iat somebody has upset the inkstand thereon, 
diti'tT in any way, in kind, from that by which Adams 
aud Leverrier discovered a new planet ^M 

The man of scieni;c, in fact, simply uses with sen^* 
puloua exactness, the tucthodg wliieh wo all, habitually 
and at every moment, use carelessly ; and the m.au 
of bnsinosa must as much avail himself of the scientific 
method — must be as truly a man of science — aa the 
veriest bookworm, of us all ; tboun;h I have no doubt 
that the man of business will find himself out to I>e a 
philosopher with aa mucli sui-priee as M. Jourduiu 
exhibited, when Itc discovered that he had been all 
his life talking prose. If, however, there be no real 
dLfiercnce between the methods of science aud those 
of conjmon life, it would seem, on the face of the 
matter, highly improbable that there sliould be aij^H 
difference between the methods of the ilirtLreut sciL-nce^J 
ncv^jrtbcless, it is constnntly takc-n fur granted, that 
there is a very wide diHercnce between the PhysiologicflL™ 
aud other sciences in point of metliod. i|{| 

In the first place it is said — and I take this point 
firsts because the imputatioQ is too frequt;utly odoj 
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by Physiologists tLeinselves — that Biolngy differs froinl 
the Physico-chemical and Mathematical sciences iul 
being " iuesact.** I 

Now, this phrase " inexact " must refer eith<?r to th<i| 
methods or to the resuU& of Pliysiological science. I 

It canuot be correct to apply it to the methods ; for, I 
as I hope to show you by and by, these are iden-J 
tical in aJl sciences, and whatever is true of Phyaiological| 
method is true of Physical and Mathematical method. I 

Is it then the results of Biologi(;,'il science which arftj 
"inesaet"? I thiuk not. If 1 say that respii-ation is! 
performed by the lungs ; that digestiou is effected in the! 
stomach ; that the eye is the organ of sight ; that thiM 
jaws of a Te!rtel>ra.ted animal never o])en sideways, bubj 
always up and down ; while those of an annulose animall 
always ojien sideways, and never up and down^I ami 
eiiomcratiug propositions which are as exact as anything^ 
in Euclid. How then luis this notion of the inexactnesaj 
of Biological science come about? I Iwlievc from Iwol 
causes : first, because, in consequence of the great com-' 
plerity of the science and the multitude of interfering 
oondirions, we are very often only cuablcd to predictj 
approximately what will occur under give,n circum-^ 
stancfs ; and secondly, because, on account of the cora-J 
parative youth of the Physiological aoiencea, a great 
many of their laws are still imperfectly worked out.' 
But, in au educational point of view, it is most importanl 
to distinguish between the essence of a science and 
the accidents which surroimd it ; and t-ssentially, the 
methods and results of Physiology arc as exiuit an those 
of Phywcs or Mathematics. ^M 

It is said that the Physiological method is especially^* 
convparative^ i and this dictum also finds favour in thti 

' ** In the tliinl |iluc«, we liaii-e lo rBriew tbe metliotl i>f HonipwrisoD, wlikh 
U M ipccbilljr MUpled to tbe uudjr ot* living budiL-H, ^mU b; wliiich, abovo i " 
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eyes of many. I should be sorry to suggest that the 
epecuhitors on scientific classification have been misled 
by the accident of the name of one leading branch of 
Biology — Comparative Anatomy ; but I would ask 
whether coinpo.risojt, and that classification which is the 
result of coTiiparison, are not the essence of every science 
whatsoever ? How is it possible to discover a relation of 
cause and effect of luty kind without comparing a series 
of cases together in wliich the supposed cause and effect 
occur singly, or combined? So far from compariaoD 
being in any way peculiar to Biological science, it i«, 
I think, the eaflc-ncc of every science. 

A speculative philosopher again tells us that the 
Biologicftl sciences are distinguished by being scieueea 
of observation and not of experiment ! ^ 

Of all the strange assertious iuto which speculation 
without practical acquaintance with a subject may lead 
even an nble man, I think tins ia the very atrangest. 
Physiology not on experimental science I Why, tiiere 

oth^n, thut atiirl; innrt be ndraticed. In Antronoinr, Lhis method is neoe*- 
**riI)F imipjilitvible ; will it ia Eot till we jirrive at Cheniiatiy that thia third 
tiieous iti inrrstli^'xtiun cuii tie iided, iknd thou only iu eubonliimdiin (o lbs 
two oUicrfi. It i» ID the 8tiid>-, bolh atoticuJ ivotl dynfiniicftl. of living bodies 
that lb liret acqnirwi its full liuvpliipincnt ; miJ iU use elsewhere cuii be <jii]y 
fbi-owgh ita application here."— Cumtb'h PotUive Pii/oHwjj/iy, traMlivted by 
Misa Murtineaii. Vol. L p. 372. 

By what melrhod does M. Comte auppose thiit the equnlity or inequality of 
ftfroee and i{iij[iitilif» tmd the iliminiiLtrity or aimdurity tif fu nils— points of 
ei-m* j^ight iiiJini'Unce not uiily in AnHonomy luid Phyaica, hut eveu In 
MttthemtiticB — i»re nsi-erUiincd, if not by CompnTiaou I 

" Ptoceedint' to llie second cliws of me-unw,— Enperimcnt oiniiot Vnit b« 
Iras imd Icaa decieivc, in pm[n>rti<ni lo the coui|ileiuty of the pbumoniona lo b« 
Rxjilctrcd ; und thcTefore va anw this resource to be leas ctFccliinil in chemistry 
Lkuu in pbysica : and we now find that it is eminently useful in dicniisbry ia 
cffltipnrison with physioloijy. In foot, the natura of titt pluawraena termt ta 
o^er almoM \neuTiiuiv)U<Alf. imvfdimtnts to any extentive and pralijic Ojipliu^ 
iMWi of tvch (K yroecifitrt in hialtHjy." — Comte, vol, i. p. 387. 

M. Gcmte, us his mau.ncr ij, contradicta himself two piitiea fuitbrr on, but 
Ihntwill hardly rclitrv hiu &fm tho rc^poosihility of aucL k |Kini);mi;!i H 
llio ttbov^ 



k 



J 



r.] BBi 



■)F NATURlimSTORf aOlBNCSS. 



\r not a function of a einf;le organ in the body wjiich haa 
not been determined wholly and solely by experimentJ 
How did Harvey determine the nature of the circulation J 
except by experiment ? How did Sir Cbarlca Bell deJ 
termine the functions of the roots of the spinal nerveaJ 
Bavc bj' (^ypcrimcnt? How do we know the use of u 
nerve at all, except by experiment? Nay, how do yoia 
know even that your eye is your seeing appoi-atuSj unloaa^ 
you make the experiment of shutting it; or that yourj 
ear is your hearing apparatus, unlcsa you close it up andj 
thereby discover that you become deaf? I 

It would really be much more true to say that Phy-| 
Biology ia the experimental science -par excellence of all 1 
Bcieuccs ; that in which there is least to be kamt by 
mere observation, and that which affoi-ds the greatest ■ 
field for the exercise of those faculties which cliaracterisc 
the experimental philosopher. I confess, if any one 
were to ask me for a model application of the logic of 
experiment, I should know no better work to put into 
his hands than Bernard's late Researches on the Func- , 
tions of the Liver.' | 

Not to give this lecture a too controversial tono, how- 
ever, I must only advert to one more doctrine, held by a 
thinker of our own age and country, whose opinions are 
worthy of all respect. It is, tliat the Biological sciences 
differ from all others, inasmuch as in them classification 
takes place by type and not by definition.* 

* "Kouvella Fonction dw Poie coasidi^rd coniiup orgixno proJucleni d« 
mutiira sucrfo cliesi rHomine *t lef) Aniimwii," par M. Ctiiude Bcriiiiril, 

' " JV'niMTTiI Grctum ijintn hy Type, not Ah Jj^jlitUim Tlio claat; ia 

■COKdily lixctl, thoagii not preuist-Iy liiiiic«d ; it iu given, thuiit;!! ni^t circum- 
nribrd ; it is detcruiined, not hy a boiutilary-linp without, bijt by a (.'eiiirul 

Coltit vritbin ; not by wbiii it slriclJy excludra, but whut it en; iiicni.ly indutka ; 
y an exniDplc. not by u prtcojit ; iu abiirt, instBod of Defliu^on wo li;i.ve s 
Typ* &c oiir ilrretlur. A type is an exmnpln at my class, for instiyicc, »' 
>MCW)i of A Ki^RU)!, wbicli U t^oimidcrcd .is tniijieTitly pohao'nin^ tbecliiiriiak>n 
m lb* clssa. All ibe speciea wbiuh bitve ih grtutur iiHiuily witb UiU Ijjjiu* 




It is said, in short, tliat a natural-history class 19 not 
capable of being defined — that the class Rosacese, for 
instance, or the class of Fishes, ia not accurately and 
abaolutoly definable, inasmuch a« its members ytiu pre- 
Bcnt exceptions to every possible definition ; and that 
the members of the class are united together only by , 
the cireuniHtauce that they are all more like some 
imaginary average rosu or average fish, than thi^^ 
resemble anythiu,^ else. ^M 

But here, as before, I think the distinction h;is arisen 
entirely from confusing a transitory imperfection with 
an e88f_mtial character. So long aa our information con- 
cerning them ia imperfect, wo class all obiecta together 
according to rcsenibiaDcea which we feel, but cannot 
define; we group them round types, in short. Thus, 
if you ask an ordinary pfrson wliat kinds of animals 
there arc, he will probably say, beasts, birds, reptiles, 
fiahea, insects, &c. Ask him to define a beast from a 
reptile, and he cannot do it ; but lie says, things like 
a cow or a horse are beasts, and things like a frog or a 
lizard arc reptiles. You see he does class by type, and 
not by definition. But how does this classification difier 
from that of the scientific Zoologist ? How does 
meaning of the scientific class-name of "Mammi 
difier from the unscientific of "Beasts"? 

Why, exactly because the former depends on a 
nitioD, the latter on a type. The class Mammalia is 
^eientififtally defined as "all animals which have a ver- 
tcbrated skeleton and suckle their young." Here ia 1^^ 
refereaee to type, but a definition rigorous enough for ^| 
geometrician. And such is the ebai-aeter which every 
siiicntific uatuialist recognises as that to which his 

llWdes tlian witli any otlmra, fonii the e^noa, nnd nn mnged aloni 1^ 

Hdvitttiiii;; I'rimi it iii vurious diri^'Ctioiie uiid dititri'nt di^gret'ji,''— WiiEWKU. 
Tht riiUoiOjiliii oj lilt InUMtive ikUnct-^, voL i fip. 47W, 477. 
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must aspire — knowing, as he does, that classification by 
type is siraply an acknowledgment of ignorance and a 
temporary device. 

So muoh in the way of negative argument as against 
the reputed differences between Biological and other 
methods. No such differences, I beheve, really exist. 
The subject-matter of Biological science is different 
from that of other sciences, but the metho(k of all aie 
identical ; and these methods are — 

1. Observation of facts — including under this head 
that artificial observation which is called experiinent. 

2. That process of tying np similar facta into bundles, 
ticketed and ready for use, which is called Comparison 
and Classification, — the results of the process, the 
ticketed bundles, being named General propositions. 

3. Deduction, which takes us from the general pro- 
position to facts again — teaches us, if I may so say, to 
anticipate from the ticket what is inside the bundle. 
And finally — 

i. Verification, which is the process of ascertaining 
whether, in point of fact, our anticipation is a correct 
one. 

Such are the methods of all science whatsoever ; but 
perhaps you will permit me to give you aa illustration 
of their employment in the science of Life ; and I will 
take as a special case, the establishment of the doctrine 
of the Circulation of the Blood, 

In this case, simple observation yields ua a knowledge 
of the existence of the blood from some accidental 
haemorrhage, we will say : we may even grant that it 
informs i^ of the localization of this blood in particular 
vessels, the heart, &c., from some accidental cut or the 
like. It teaches also the existence of a pulse in various 
parts of the body, and acquaints ua with the stnurture of 
the heart and vessels. 



Here, however, simple observation stops, aiul wo 
must have wKoiirHc tu experiment. 

You tie a vcm. and you find that Iho blood actuinu- 
latcs on the side of the ligature opposite- the heart. You 
tic an artery, and you find that the blood accumulate? 
on iho side near the heart Open, the cheat, and you 
see the heart contracting with great force. Make open- 
ings into its priuuipal cavities, and yon. will find tliat 
all the hJood flows out, and no more pressure is exerted 
on either side of the arterial or venous ligature. ^M 

Now all these facta, taken together, constitute toV 
evidence that the blood is propelled by the heart through 
the arteries, anil returhs by the veiua — that, in short, the 
blood cireulates, 

Suppose our experiments and observations have licen 
made on horses, then we group and ticket them into a 
general proposition, thus; — uii Itvrses Itavea cii-cuUtlia 
of (heir bhod. 

Henceforward a horse is a sort of indication or label 
telling us where we shall find a peculiar series of phq^ 
Domeua called the circulation of the blood. 
Here ia onr general proposition, then. 
How, and whun, are we justified in making our nei 
step^a deduction li'om it t 

Suppose our physiologist, whose cxjjerLence is limite< 
to hoi-aes, meets with a zebra for the first time, — will hs 
fiuppoao that this generalization holds good for zchi 
also? 

That depends very mucb on his turn of mind. Bl 
wu wHl suppose him to he a bold maa Ue will 
"The zebra is certainly not a horse, but it is very lif 
one, — so like, that it must be the ' ticket ' or mark of 4 ., 
blood -circulation also ; and, I conclude that the zebr 
has a circuliiliuri." 
That is a deduction, a very fair deduction, but by 





r] EDUCATIONAL FALUE OF NATURAL HI^OEY SCIENCES. 83 

means to be considered scientifically secure. This last 
quality in fact can only be given by verification — that 
ifl, by making a zebra the subject of all the experiments 
performed on the horse. Of course, in the present case, 
the deduction would be confirmed by this process of 
\erification, and the result would be, not merely a 
positive widening of knowledge, but a fair increase of 
confidence in the truth of one's generalizations in other 
cases. 

Thus, having settled the point in the zebra and horse, 
our philosopher would have great confidence in the ex- 
istence of a circulation in the ass. Nay, I fancy most 
persons would excuse him, if in this case he did not 
take the trouble to go through the process of verification 
at all ; and it would not be without a parallel in the 
history of the human mind, if our imaginary physiologist 
now maintained that he was acquainted with asinine 
circulation d priori. 

However, if I might impress any caution upon your 
minds, it is, the utterly conditional nature of all our 
knowledge, — the danger of neglecting the process of 
verification under any circumstances ; and the film upon 
which we rest, the moment our deductions carry us 
beyond the reach of this great process of verification. 
There is no better instance of this than is afibrded by 
the history of our knowledge of the circulation of the 
blood in the animal kingdom until the year 1824. In 
every animal possessing a circulation at aU, which had 
been observed up to that time, the current of the blood 
was known to take one definite and invariable diiection. 
Now, there is a class of animals called Ascidians, which 
possess a heart and a circulation, and up to the period of 
which I speak, no one would have dreamt of questioning 
the propriety of the deduction, that these creatures have 
a circulation in one direction ; nor would any one have 

7 
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thought it worth while to verify the puiiit. But, ia that 
year, M. vou HassGit, liappeniiig to exniniae a tranaparent 
animal of this class, found, to bia infiiiito surprise, that 
after the heart harl beat a ccitaiu number of times, it 
stopped, and then bogau beating the opposite way — 80 
as to reverse the course of thft curruut, which returned 
by and by to its originril direction. ^1 

I have myself timed, the heart of these littk auimal^^ 
T found it as regular as possible in its perioda of reversjil : 
and I know no spectacle in, the animal kingdom more 
wonderful than that which it presents — all the more 
wonderful that to this day it remains an unique fai^t, 
peculiar to thia claaa among the whole animated world. 
At the same time I know of no more striking cojse o^ 
the necessity of the verification, of even those dcdudj 
tioDB which seem founded on, the widest and safest 
inductions. 

Such ai'B the methods of Biology— methods which are 
obviously identical with thoac of all other sciences, and 
therefore wholly incompetent to form the ground of any. , 
distinction between it and them.^ ■ 

But I shall be asked at once, Do you mean to say 
that there is no difleronce between the habit of mind 
of a mathematician and that of a naturalist ? Do you 
imagine that Lftplaee might have beieu put into thu 
Jarom dea Plautes, and Cuvier into the Observatory, 
with equal advantage to the progress of the sciencta 
they professed 1 ^H 

To which I would reply, that nothing could be furth^B 
from my thoughts. But difierent habits and various 
special tendenciea of two sciences do not imply different 
methods. The mountaineer and the man of the plains 
have very dilfcreut habits of progression, and each 

' Save for the pleiisiiTe of doing so, I need linrdly point out riy obligatitmi 
t4i Mr. J. S. Mill's "SyHl«m of Lof;ie,'' in this view of aci«iUifl(i method. 
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would b« at a loss m the other's place : but the mothofl 
of progression, by piitiiiig one leg before the other, L» 
the same in each case. Every step of each ia a combi- 
nation of ft lift and a push ; but the mountaineer lifts 
more and the lowlander pushes more. And I think the 
case of t".vo sciences reacmblcs this. 

I do not question for a moment, that while the Mathe- 
matician is busied with deductions fro7/i general pro- 
positions, the Biologist is more especially occupied with 
observation, comparison, and those processes which lead 
to general pi-opositions. All 1 wish to inaiat upon is. 
that this Afi'erencG depends njt on any fundamental 
distinction in the soicnces theoselvcs, but on the a&- 
cidenta of their subject-matter, of their relative com- 
plexity, and consequent relative perfection. 

The Mathematician deals with two propertiGS of 
objects only, numlier and extension, and all the in- 
ductions he wants have been formed and finished ages 
^agou He is occupied now with nothing but deduction 
and verification. 

The Biologist deals with a vast number of properties 
of objects, and his induction* will not be completed, 1 
fear, for ages to come ; but when they ai'e, his science 
will be as deduetive and as exiict as the Matheniatiif'B 
tli«msctvts. 

Such is the relation of Biology to those ecienccs which 
deal with objecta having fewer properties than itself. 
liut as the student, in reaching Biology, looks back upon 
seicncca of a less conjplcx and thei-efore more perfect 
nature ; so, on the other hand, does he look forward to 
other more complex and less perfect branches of know- 
ledga Biology deals only with living beings as isolated 
things — treats only of the life of the individual : but 
there is a higher di\*ision of Bcience still, which considers 
living being-? as aggregates — which deals with the rcW 
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(ion of living beings one to anotlier — the science wliich 
observe men — whose experiments are made by nationa 
one upon another, in battle-fields — whose yeneral projxh 
situ»i$ are embodie<3 in history, morality, and religion-^H 
whose deduct ions lead to our happiness or our mist^ri^* 
— and whose verijicaliotis so often come to6 lute, and 
serve only 

*Ta poini ■ monl or ndom k talfl"— 




1 mean the w-ienee of Society or Sociology. 

I think it is one of the grandest features of Biolo;_ 
that it occupies this central position in human kuow- 
Icd»e. There ia no side of the human mind which 
physiological study leaves uncultivated. Conneeted, by 
iimutuerable ties with abstract science, Physiology ia yet 
in the most intimate relation with humanity ; and by 
teaching us that law and order, and a definite scheme 
of development, regulate even the strangest and wildest 
manifestations of individual life, she prepares the student 
to look for a goal even amidst the erratic wanderings of 
mankiud, and to believe that history offers something 
more than an entertaining chaos — a journal of a toilsome, 
tragi-comic mareh nowhither. 

'I he preceding considerations have, I hope, served 
indicate the replies which befit the two firat of 
questions which [ set before you at starting, viz. what 
tlic range and position of Physiological Science as a 
branch of knowledge, and what is its value as a mcano 
of mental discipline. 

Its svbject-matter is a large moiety of the nnive 
its position is midway between the physico-chemical and 
the social sciences. Its vahie m a branch of disclp 
irt partly that winch it has in common with all sciences 
the traitiing and strengthening of common sense ; pa 
that which is more peculiar to itself — ^the groat exerc: 
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which it affords to the faculties of observation and coi 
pariflon ; and I may add, the exactness of knowlcd 
which it requires on the part of those among its votarii 
who desire to extend its boundaiies. 

If what has been said as to the position and scope 
of Biology be correct, our third question — What ia the- 
practical vahie of physiological instruction ? — mighty oni 
would think, be left to answer itself. 

On other grounds even, were mankind deserving of 
the title ''rational," which they arrogate to themselvea, 
there can be no question that they would consider, as th 
most necpsaory of all branehes of instruction for them. 
w^lTes and for their childi'on, that which proft-saoa 
acquaint them with the conditions of the existence theyj 

Srize HO highly — which teaches them how to avoi 
iaeaae and to cherish health, in themselves and tlios«| 
who ore dear to them. 

1 am addressing,! imagine, an audience of educated 
persons ; and yet 1 daro venture to aasert that, with the 
exception of those of my lieai-ers who may chance to 
have received a mcdica! education, there is not one who 
could tell mo what is the meaning and use of nn act 
which be performs a score of times every minute, and 
whose saapensioji would involve his immediate death ;— 
I mean tlie act of breathing — or who could state in 
precise terms why it is that a confined atmosphei-u in 
injurious to health. 

Tlie practical vahie of Physiological knowleilgc 1 
Why is it that educated men can l»e found to maintain 
tliat a slaugliter-houee in the midst of a great, city ia 
rather a good thing than otherwise ? — that molliers 
persist in cxjxjsing tlie largest possible amount of suiface 
of their chUdren to the cold, by the absurd style of dress 
they adopts and then marvel at the peeuliar dispensation 
of Providence, which removes their infants by bronchitis 
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and gastric fever ? Why is it that quackery rides ram- 

{>ant over the Jaud ; and that not long aco, one of tlw 
argest public rooms in this great city could l>e filled by ' 
an audience gravely listening io the reverend expositor 
of the doctrine — that the simple physiological phaenoraeoii 
known aa spirit-rapping, table-turning, phreno-magnetistn, 
and by I know not what other absurd and inappixjpriatR 
mimes, are due to the direct and personal agency of Satan ? 

Why is all this, except fi-om the utter ignorance as to 
the simplest 'awe of their own animal life, which prevails 
among even the most highly educated persons in thi&_ 
country ? ^| 

But there are other branches of Biological Science, 
beaidea Physiology proper, whose practical influence, 
though less obvious, ta not, aa I believe, lesa certain. I 
have heard educated men speak with an ill-disguised 
contempt of the studies of the naturalist, and ask, not 
■without a shrug, " What is tlie use of knowing all about 
these miserable animals— what bearing has it on human 
life?" 

I will endeavour to answer that question. I take it 
that all will admit there is definite Government of this 
universe — that its pleasures and pains are not scattered 
at random, but are diatributed itx accordance with orderly 
and fixed laws, and that it is only in accordance wirn 
all we know of the reat of the world, that there should 
be an agreement between one portion of the sensitive 
creation and another in these matters. ^1 

Surely then it interests us to know the lot of oth^^ 
animal creatures — however far below us, they are atill 
the sole crea.tod things which share with us the capability 
of pleasure and the susceptibility to pain. . ^_ 

I cannot bat think that he who find^L certain pr^| 
portion of pain and evil inseparably woven up in the life 
of the very worms, will bear his own share with mc 
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cour8|»e and submission ; and will, at any rate, view with 
suspicion those weakly Jtmialjle theories of the DivisOj 
government, which would hare us helieve pain to be ai 
oversight and a mistake, — to be corrected by and by.; 
On the other hand, the predominance of happinea 
among living things — their lavi&h bea.uty — ^the secret am 
wonderfnl harmony which pervades them all, from the 
highest to the lowest, are equally striking reftitations ofj 
that modern Maniehcan doctrine, which exhibits th< 
ttoild as a slave-mill, worked with many tears, for more] 
utilitiirian cnda. 

There is yet another way in which natural histoiy^ 
may, I am convinced, take a profound hold upon practical 
life, — and that is, by its influence over our irner feelings, J 
as the greatest of all sources of that pleasure which isfl 
derivable from beauty. I do not pretend that natural- 
history knowledge, as such, can increase our sense of tho_^ 
beautiful in natural objects. I do not Buppose that thafl 
dead soul of Peter Bell, of whom the great poet of nature 
BajH,— 

X primrose "by the river'a brim, 
A jtllow primjose was to bim,-^ 
AdJ it waa iiotliint; uiore,^ 

wouH have been a whit roused &om its apathy, by 
information that the primroee is a Bicotj'ledonouai 
ExDgeu, with a monopetalous corolla and centi'al placen- 
tation. But I advocate natural-history knowledge from 
this point of view, because it vould lead us to sack the 
beauties of natural objects, instead of trusting to chancoj 
to force them on our attention. To a person uuinstructed i 
in natural history, his country or sea-aide stroll is a walk 
through a gg^lloy filled with wonderful worka of art, 
nine-tenths of*\vhich have their faces turned to the wall. 
Teach him something of natural history, and you phuo 
in his h:inds a catalogue of tho»e which are worth, 
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turning round. Surely our Innocent pleasures are not 
abundant in tliis life, tliat we cjiii iilTord to de.spise tlii" 
or any other source of them. We should fear being 
banished for onr ncglcrt to that limbo, where the great 
Florentine tells us arc those who, during this life, " W€| 
when thoy might Ije joyful." 

But I sball be trespassing unwarrantably on 
kindness, if I do not proeetwl at once to my htst point-? 
the time at which Physiological Science should first form 
a part of the Curriculum of Education. ^M 

The di.stinction between the teaching of the facta of ^^ 
science as instnaction, and the teaching it systematicaUy 
as knowk'd^, haa already been placed before you in a. 
jircvious lecture : and it appears to me, that, as with 
other sciences, the corfnnoii fads of Biology — the uses of 
parts of the body — the names and habits of the living 
i-reatures which surround u.s — may be taught with 
advantage to the youngest child. Indeed, the avidity of 
children for this kind of knowledge, and the comparatiV^B 
ease with which they retain it, ia something quit^ 
marvellous, I doubt whether any toy would be 6i> 
acceptable to young uhildreu as a vivai-ium of the samu 
kind as, but of course on a smaller scale than those 
admirable deviass in the Zoological Gardens. 

On the other hand, systematic teaching in Biology 
cannot be attrmjited with success until thi- student has 
attained to a certain knowledge of physics and chemistry : 
for though the phenomena of life are dependent neither 
ou pbysiciil nor on chemical, but on vital forces, yet they 
result in all aorta of physical and chemical changeti. 
\vhich can only be judged by their own laws. ^| 

And now to sum up in a few words the conclusions ^^ 
which I hope you see reason to follow me. 

Biology needs no apologist when she demands a place 
—and a prominent place — in any scheme of educat 
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worthy of the name. Leave out the Physiological 
sciences from your curriculum, and you launch the 
student into the worid, undisciplined in that science 
whose subject-matter would best develop his powers of 
observation ; ignorant of facts of the deepest importance 
for his. own and others' welfare; blind to the richest 
Boxttces of beauty in God's creation ; and unprovided 
with that belief in a living law, and an order manifesting 
itself in and through endless change and variety, which 
might serve to check and moderate that phase of despair 
through which, if he take an earnest interest in social 
problems, he will assuredly sooner or later pass. 

Finally, one word for myself. I have not hesitated to 
speak strongly where I have felt strongly ; and I am but 
too conscious that the indicative and imperative moods 
have too often taken the place of the more becoming 
subjunctive and conditional I feel, therefore, how 
necessary it is to beg you to forget the personality of 
him who has thus ventured to address you, and. to con- 
sider only the truth or error in what has been said. 




Natural History is the name familiarly applied to tl 
study of the properties of siiuh uatural bodies as mine- 
iuIb, plauts, and animala ; the scieneca which embody 
the knowledge miin has acquired upon these subjects 
are commonly termed Natural Sciences, in contradistinc- 
tion to other so-called "physical" sciences; and those 
who devote themselves especially to the pursuit of 
Buch sciences have been and are commonly temieil 
" Naturalists." ^ 

Linnosus was a naturalist in this mde sense, and hi^ 
" Syatema Naturs " was a work upon natural history, in 
the broadest acceptation of the term ; in it, that great 
methodizing spirit embodied all that was known in his 
time of the distinctive characters of minerals, animals, 
and plants. But the enorm.ou3 stimulus which LLiniEua 
gave to the investigntion of nature aoou rendei'ed it 
impossible that any one man should write another 
" Syatema Naturte," and extremely difficult for any one 
to become a naturalist such as Linnaeus was. 

Great as have been the advances made by aU the three 
branches of science, of old inclmled under the title of 
natural hiatory, thero can be no doubt that zoology and 
botany have grown in an enormously greater ratio thau 
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miiiernlogy ; and hence, as I suppose, the name 
"natural history" has gradually become more and mora^ 
definitely attached to these pramiuent divieioiis of thaj 
eubject, and by "naturalist" people have meant moi 
and more distinctly to imply a student of the stracti 
and functions of living beings. 

However this may be, it is certain thjit the advance 
knowledge haa gradually widened the distance l>ctweci 
mineralogy and its old associates, whllfcit has drawn! 
zoology and botany closer together ; so tlv- of late year 
it haa been found eonvcnJent (and indeed noecssnry) to' 
associate tlie sciences which deal with vitality and aU its 
phenomena under the common head of " biology ;" and 
the biologists have come to repudiate any biood-relation- J 
ship with their foster-brothers, the mineralogists. H 

Certain broad laws have a general application through- 
out both the animal and the vegetable worlds, but the 
ground common to these kingdoms of uatui'e is not of 
very wide extent, and the multiplicity of details is so 
great, that the student of livdng beings finds himself^ 
ohiiged to devote his attention exclusively either to the^ 
one or the other. If he elects to study plants, under 
any nsjiccU we know at once what to cvill him. He ia a 
botanist-, and hia ecienco ia botT,ny. But if the investi- 
gation of animal life bo his choice, the name gcneraUy 
applied to him will vary according t^ the kind of 
animals he studies, or the particular phfcnomena of 
animal life to which he confinea his attention. If th«| 
atndr of man ia his object, he is called an anatomist^ orj 
a physiologist, or an ethnologist ; but if he dissects , 
animals, or examines into the mode in which their func- 1 
tions are perfoi-med, he is a comparative anatomist orj 
comparative phyaiologiat. 3f he turns his attention tO\ 
foMu animals, he is a palceontologiftt. If his mind ii] 
more particularly directed to the description specific,.! 
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discrimiiiatioii, classification, and distribution of animals, 
he is termed a Koologist. ^h 

For tlie j)UrpoS(:-.a of the preaont diacourae, however^l 
8lia!l recognise none of these titles aavo tlic last, wliich I 
eliall employ as tbe equivalent of botanist, and I shall 
use the term zoology !is denoting tJie whole doctrina 
of animal life, in conti-adistinction to botany, which 
siirnifies the whole doctrine of vegetable life. 

Employed H this sense, zoology, like botany, is di- 
visible into iLree great but subordinate sciences, mor^ 
phology, physiology, and distribution, each of wbirh 
may, to a very great extent, be studied independently 
of the other. ^M 

Zoological morphology is the doctrine of animal for^^ 
or stnicture. Anatomy is one of its branches ; develop- 
ment J8 another ; wliile clnssification is the expression 
of the relations which different animals bear to one 



another, in rcapect of their anatomy and their devcloj; 
ment. 
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Zoological distribution is the study of animals i^^ 
wlation to the terrestrial conditions which obtain now, 
or have obtained at any pi-evious epoch of the earth's 
history. 

Zoological physiology, lastly, is the doctrine of tl 
functions or actions of animals. It regards animal bodies 
as machines impelled by certain forces, and perfonning 
an amount of work which can be expresfled in terms of 
the ordinary forces of nature. The final object of ph]^| 
siology is to deduce the facts of morphology, on the on^^ 
liand, and those of distribution on the other, firom tha 
laws of the molecular forces of matter. ^M 

Such is the scope of zoology. But if I were to conten^^ 
myself with the enunciation of these dry definitions, I_ 
ehould ill exemplify that method of teaching this branc 
' physical ecicnce, which it is my chief buslneaa 
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night to recommend. Let us turn away tlien from 
, abatract tlefinitions. Lot us take some concrete living 
I thinff, some animal, the commoner the better, and let na 
Bee now the application of common sense and common 
logic to the obvioua facts it presents, inevitably leads us 
into all these branches of zoological science. 

I Lave before mo a lobster. When lexjimine it, wbnt 
appears to be the mast striking eliaracter it pL-estjntsr 
Why, I observe that this part which we call the tail of 
the lobster, is mjide «p of six distinct hrud rings and a 
Bcvcnth terminal piece. If J separate one of the midrllc 
pSogs, say the third, 1 find it Ccan-ics upon its under sur 
face a jxiir of limba or appendages, each of which coji- 
sists of a stalk aod two tormina] pieces. So that I caa 
represent a transverse Rcction of the ring and its appen- 
. dages upon the diagi-am board in tliis way. 

If I now take the fourth ting I find it has the same 
structure, and so have the fifth and the second ; bo that, 
' ill each of these divisions of the tail, I find parts which 
, correspond with one another, a ring and two appendages ; 
, and in each appendage a stalk and two end pieces. 
These corresponding parta are called, in the technical 
language of anatomy, "homologous parts." The ring 
I of the third division is the " homologue " of the ring 
' of the fifth, the appendage of the foimer is the homo- 
logue of the appendage of the latter. And, as cacJi 
ilivision exhibits corresponding parts in corresponding 
jilacca, we say that all the divisions are constructed upon 
the same plan. But now let us consider the sixth di- 
vision. It i8 similar to, and yet different from, ths 
others. The ring is essentially the same as in the other 
divisijns; but the appi-mUtgos look at first as if they 
were very different; and yet when we regard them 
eliracly, what do jve fin<l t A stalk and two terminal 
divisions, exacthf;^ in..tJ^.i^lit;i"Si ^^ tlio stalk is very 
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eliort and very tlik-k, the tcrmmal divisions are Tcrf 
brond luitl flat, uud one of tlitiiu Is divided into twj 
pieces. 

1 may say, therefore, that the sixth segment is !iko 
otiicrs in phin, but that it is mndilied in its dat;iila 

The first segment ia like the others, au far :is its ring is 
eoncernetl, and though its appcndjigcs differ from jiny of 
those yet examined in the simplicity of their stnicture, 
parts corrcspoucUno; with the stem and one of tiie divi- 
diona of the appendages of the other segments can ha 
readily discerned in them. 

Thus it appears that the lobster's tail ia composed of 
a series of segments which are fundamentally similar^ 
though each presents peculiar modifications of the plan 
common to alL Bnt when I turn to the fore part of the 
body I see, at first, nothing but a groat ahield-liko shell, 
called technically the " carapace," ending in front ia ^_ 
sharp spine, on either side of which are the curious conjM 
pound eyes, set upon the ends of stout moveable stalks. 
Behind these, on the under side of the body, are two 
pairs of long feelers, or antenna?, followed by six pairs of 
jaws, folded against one another over the mouth, and 
five pairs of legs, the foremost of these being the grei^_ 
pinchers, or claws, of the lobster. Q 

It looks, at first, a little hopeless to attempt to find in 
tliis complex mass a series of rings, CAch with its pair of 
appemlages, such as I have shown you in the abdomen, 
and yet it is not diflScult to demonstrate their existencftB 
Strip off the legs, and you will find that each pair t^ 
attached to a very definite segment of the under wall 
of the body ; Init these segments, instead of being thu 
lower parta of free rings, as in the tail, are such parts o^ 
rings which are all solidly united and bound togothctH 
and the like is true of the jaws, the feelers, and the eyo- 
•talks, every pair of which is Lome upon its own spoei " 
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It. Tliiis the conclusion ia gratliially forced tipoa 
Lt the body of the lobster is composed of as many 
ns there arc pairs of appcndngcs, namely, t^renty 
jn Jill, but tlint the six hindmost rin^s reranin free and 
moToable, 'whilo the fourteen front rings become finnly 
soldered together, their backs forming one continuous 
Bhield — the carapacR. 

Unity of plan, diversity ia execiifcion, is the lesson 
taught by the study of the rings of the body, and the 
same instruction is »iveu still more emphatically by the 
appendages. If I examine the outermost jaw I find it 
consists of three distinct portions, an inner, a middle, 
and an outer, mounted upon a common stem ; and if I 
compare this jaw with the legs behind it, or the jaws in 
front of it, I find it quite easy to see, that, in the legs, it 
ia the part of the appendage which eorrespcnda with the 
inner di\-ision, which becomea nioditied into what we 
know familiarly as the " leg," while the middle division 
disappears, and the outer division is hidden onder the 
carapace. Nor is it more ditKeult to discern that, in the 
appendiigee of the tail, the middle division appeal's 
agjiin and the outer vanishes ; while, on the other hand, 
in the foremost jaw, the so-called miuidible, the inner 
division only is lefb; and. in the same way, the pnrta of 
the fccli'TB and of the cye-stulka can be identifiod with 
those of the legs and jaws. 

But whither does all this tend ? To the very remark- 
able conclusion that a unity of plan, of tlio same kind as 
that discoverable in the tail or abdomen of the lobster, 

i»ervadea the whole organization of its skeleton, so that 
can return to the diagram representing any one of the 
rings of the tail, which I drew upon Llic bonrd, and by 
adding a third division to eaeh apjuendagc, 1 cnn use it 
as a sent of scheme or plan of any ring of the body. \ 
cau give namoa to all the parta of that ligiire, and ilien 
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if I take any segment of the body of tlie lobster, I can 
(loiiit out to you exactly, what modification the general 
pliiu has undergone in that particular aei^enb; what 
(jiirt has remained moveable, aiid what haa uecome fixed 
to anoth'T ; what hiia been excessively developed and^ 
mctiinor|hi)sod, and what haa been suppressed. ^| 

But 1 imjigine I hear the question, How is all this to" 
Ihj lei* ted ? No doubt it is a prutty and ingenious way 
of looking at the structure of iiuj animal, but is it any- 
thing more? Does Nature acknowledge, in any deopo^J 
way, this unity of plan we seem to trace 1 ™ 

The objection suggested by these questions is a very 
valid and important one, and morphology was in an 
uu^und state, so long as it rested upon the mere percep- 
tion of the analogies which obtain between fully fo/Tacd 
parts. The unchecked ingenuity of speculative anato- 
mists proved itself fully competent to spin any number 
of contradictory hypothesea out of the same facts, and 
endless morphological dreams threatened to supplant 
scientific theory. 

Happily, however, there is a criterion of morpho- 
logical truth, and a sure test of all homologies. Our 
lobster has not always been what we see it ; it was once 
ail egg, a semifliud mass of yolk, not so big as a pin's 
hc:wl, contained in a transparent membrane, and exbi- 
bitiug not tlie lea.^t trace of any one of those organs, 
whose multiplicity and complexity, in the adult, are so 
iWrpvising. After a time a delicate patch of cellular 

icmbranc appeared upon one face of this yolk, and that 

itch was the foundation of the whole creature, the clay 
out of which it would be mouUled Gradually investing 
liio yolk, it became subdivided by transverse eoustric- 
iti into segments, the forerunnera of the rings of cUa 

vAy. Upon the ventral surface of each of the rini 
khuA aketi^hed out, a pair of bud-like promiucnced 
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their appearance — tlic nuliinenta of the appendages of] 
the ring. At first, ;lI1 the uppt-'utluj^i-s wint jilLke, but. aa 
they grew, moAt of them bocanic cltstinguished into a 
Stem and two terminal divisions, to which, in the middle 
part of the body, was added a third outer division ; and 
it was only at a lat*r period, tliut by the modification, or 
al)sorptioD, of certain of these primitive constituents, the, 
limbs acquired their peifect form. 

Thus the study of developmc'ut proves that the doc- 
trine of unity of plan is not merely a fancy, that it ia 
not merely one way of looking at tiit; matter, hut that itj 
is the esprt:?si(ju of dcL-p-seiUed natural facts. The legs' 
and jaws of the lobster may not mwely be rcgai-ded as] 
modifications of .1 coiunmn typp., — in fact and in nature 
they are so, — the leg and the jaw of the young animal 
being, at first, indistinguishable. 

These are wim<]erful truths, the more so because the' 
zoologist finds them to be of univL-rsal application. TI16 
investigation of a polype, of a snail, of a. fiah, of a horse,] 
or of a man, would have led us. thouc;h by a less easy 
path, perhaps, to exactly the same point, tjuity of plan 1 
everywhere lies hidden under the mask of diversity <^^M 
BtruetDFe — the complex is everywhere evolved out of the™ 
simple. Every animal has at first the form of an egg, 
and every animal and every organic part, in reaching ita fl 
lulult state, pa.f.se3 through conditions common to other 
animal-s and other adult parts; and this loads mc to 
another point. I have hitlicrto spoken as if the lobster 
weie alone in the world, but, as 1 need hju'dJy remind 
you, there are myriads of other animal organisms. Of 
tlici%, some, such as men, horses, birds, fishes, snails, 
slugs, oysters, corals, and sponges, are not in tiie lejwt 
like tic lobster. But other animals, thorgh tliey may 
differ a good deal from the lobster, are yet eitlier vcr 
like it, or are like something that is like it The crti^J 
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fish, the rock lobster, and the prawn, and the shrimp, for 
example, however different, are yet so like lobstera, thft^ 
a child would group them as of the lobster kind, in confl 
tradistinction to Buails and slugs ; aild these last again 
would fonn a land hy themselves, in contradistinction tn 
covvs, horses, and sheep, the cattle kind. 

Bnt this spontaneous grouping into "kinds'* is the 
first essay of the human mind nt ehissification, or the 
calling by a common name of those things that are 
alike, and the arranging them in such a manner as beat 
to Buggcst the sum of their likenesses and uolikencsses 
to other things. i 

Those kinds which ineludo no otlier subdivisions than 
tlie sexes, or various brcoda, are called, in technical 1 
language, species. The English lobster is a species, 
our cray fish is anotlier, our prawn is another. In other 
countries, however, thcr« are lobsters, cray fisli, and 
prawns, very like ours, and yet presenting suflicifut 
ditferencea to deserve distinction. Naturalists, therefore, 
express this resemblance and this diversity by grouping 
them as distinct species of the same *' genus," But the 
lobster and the cruy-fish, though belonging to distinct 
genera, have many features in common, and hence are 
grouped together in an assemblage which is called a 
taniily. More distant resemblances connect the lobster 
with the prawn and the crab, which are expressed by 
putting all these into the same order. Again, more 
remote, but still very deifinito, resemblnocca unite the 
lobster with the woodlouse, the king crab, the water- 
flea, and the barnacle, and separate them from all other 
animals; whence they collectively constitute the larger 
group, or class, Crustacea. But the Crustacea exhibit 
many peculiar features in common with insects, spiders, 
and centipedes, ao that these are grouped into the still 
larger assemblage or '* province " Arliculata ; and> fiuaUy, 
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the relations which these have to worms and other lower 
animalB, are expressed by combining the whole vast 
aggregate into the sub-kingdom of Annulosa. 

If J had worked my way from a sponge instead of a 
lubster, I should have found it associated, by like ties, 
with a great number of other iiniDpals into the sub- 
kingdum Frotoxoa; if I had selected a fresh-wutcr 
polype or a coral, the members of what naturalistH 
term the sub-kingdom Ccdenterata would have grouped 
themselves around my tj^ie ; had a snail been choaeii, 
the jnhabitanta of all univalve and bivalve, land and 
water, shells, the lamp shells the squids, and the sea- 
mat wonld have gradually licked themselves on to it as 
members of the same sub-kingdom of Molliisca ; and 
finally, starting from man, I should have been compelled 
to admit first, the ape, the rat, the horse, the doc, into 
the same class; and then the bird, the crocodile, the 
turtle, the frog, aud the fitsh, into the eame sub-Miigdom , 
of Vertebrata. H 

And if I had followed out all theae various lines of ^ 
classification fully, I should discover in the end that 
there was no animal, either recent or fossil, which did 
not at once fall into one or other of these sulj-kingdoma. 
In other words, every animal is organized upon one or 
Other of the five, or more, plans, whoae existence renders 
our classification possible. And so definitely and pre- 
cisely marked is the structure of each animal, that, in 
the present state of our knowledge, there is not the least 
evidence to prove that a form, in the slightest degree 
transitional between any of the two groups Vertdmxta, 
Annulosa, Mollusca, and CalenteTata, either exists, or 
luia existed, during that period of the earth's history 
which is recorded by the geologist. Nevertheless, you 
must not for a moment suppose, because no such 
transiiiunal forma are kuowu, that the membera of 
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the suVkingdoms are disconnected from, or indepen- 
dent of, out! liiiotlier. On the contrary, in their earliest 
condition they are all nhke, and the primordial gercw 
of a man, a dog, a biitl, a fish, a beetle, a gnail, and 
a polype ni-e, in no essential sCructurol respect^ di^_ 
tiuguisbablc. ^| 

In this broad sense, it may with truth be said, that 
all living aiiimals, and all those dead creations which 
geolog)' reveals, are hound together by an all-pervading 
unity of organization, of the same charactfir, though not 
equal in degree, to that which enahlca us to discern one 
and the same plan amiilst the twenty different segments 
of a lobster's body. Truly it has been said, that to a 
ch;ar eye tho smallest fact ia a wiudow through whic^ 
the Infinite may be seen. ^M 

Turning fi-om these purely morphological considera- 
tions, let us now oxamiue into the manner in which tho 
attentive study of the lobster inipcls ua into other linos 
of research. ^M 

Lobsters arc found in all the European seas ; but tflV 
the opposite shores of the Atlantic and in tho eeaa of 
the soutbcrn hemisphere thoy do not exist. They are, 
however, represontcd in these regions by very closely 
allied, but distinct forms — tho llmnarsu Avierwaims 
and the IJomarus Capeusis: so that we may say that 
the European has one species of Iloinarsu ; the 
American, another; the African, another; and thus 
the remarkable facts of geographical distidbution begin 
to dawn upon ua. 

Again, if we examine the contents of the earth's cnist, 
we shall find in the latter of those deposits, which have 
served as the great burying grounds of past ages, num- 
berless lobster-like auimals, but none so similar to our 
living lobster as to make zoologists sure that they be- 
longed eveu to the sumu genua. If we go still furthe 
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back in time, wg discover, in tlie oldest rooka of all, the 
remains of animulx, constructed on the ssime gt;ucral 
plan as the lobster, aud bolonging to tlie same gt'cat 
group of Oi'ustacea ; but for fho most part totally 
diffcrcut from the lobster, and indeed fnim any other, 
living form of ciuatacean ; aud ihua we gain a notion of- 
that Bucccssive change of the animal population of the 
globe, in past ages, which is the most striking fact 
reVL'alcd by geology. 

Consider, now, where our inquiries have led us. We 
studied our type morjihologically, when we determined 
it3 anatomy and its development, and when compuring 
it, in these respects, with other a-nimals, wo made out itai 
place in a system of claaslfieation. If we were toi 
examine every animal in a similar manner, wc shoul 
eetabiish a complete body of zoolo^cal raoi-pbology. 

Again, we iuvestigatcd the disr.ril>uiion of our type in 
gpaee aud in time, and, if the like bad Iwen done with 
every aiiitnal, the sciences of geographical and geological 
distribntioti would have attained thwr limit 

Kut you will olwervc one remarkable circumstfine^. 
that, up to this point, the question of the Lie of these; 
organisms has not come nnder consideration. Morpho- 
logy aud distribution might be studied almost as well, if 
animals and plants were a peculiar kind of ciyatals, and 
possessed none of those functions which distinguish living 
beings so remarkably. But the facts of morphology aud 
distribution have to be accounted for, and the science,, 
wht»sc aim it ia to account for them, is Physiology. 

I^t us return to our lobster once more. If we watched 
the creature in ita native element, we should see it climl*- 
tng actively the submerged rocks, among whieh it delights 
to live, by means uf itj^ fitrnng li^gs ; or fiwimmiiig by 
powerful strokes of its gi'eat t;iU, the appendages o% 
whose sixth joint are spi-ead. out into a broad fan-lika 
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propeller : seize it, and it will sliow you tbat its 
claws are no mean weapims of oifence ; suspend a pi« 
of carrion amoug its baiiiits, aud it will greedily devoi 
it, tearing and cruahinfj thii flesh by mcaiia of its mult 
tudiuuuB jaws. 

Suppose that we had known nothing of tlie lobster^ 
but as an inert ma-s?, an organic crystal, if I may use thlH 
phrase, and that we could euddpnly see it exerting alT^ 
these powers, what wonderful new ideas and now ques-^ 
tiona would arise in our minds! The great new questioB 
would be, '* How does all thia take place ? " the chief nei 
idea would be, the idea of adaptation to purpose, — tl 
notion, that the constituents of animal bodies are n< 
mere unconnected parts, but organs working together 
an eaJ. Let u* consider the tail of the lobstor again 
from this point of view. Morphology has taught Qs| 
that it is a series of segments composed of homologous 
parts, which undergo various modifications — beneath 
and through which a common plan of formation is distal 
cemiblo. But if I look at the same part phyaiologically, 
1 see that it is a most beautifully constructed organ ui 
locomotion, by means jof which the animal can awiftl^l 
propel itself either backwards or forwards. 

But how ia this remarkable propulsive machine made 
to perform its functions ? If I were suddenly to kill one 
of these animals and to take out all the soft parts, I 
should iind the shell to be perfectly inert, to have no 
more power of moving itself than ia possessed by tfalH 
machinery of a mill, when disconnected from its steAm- 
englne or water-wheel. But if I were to open it, and 
take out the viscera only, leaving the white flesh, I 
shrmld perceive tliat the lobster could bend and extend 
its tail as well as before. If I were to cut ofi" the tail, I 
should eeaseto find any spoutanKOus motion in it; but 
on pinching any portion of the fieish, I should observi 
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that it tinilcnv^ent a very curioua change — each fibre W 
coming shorter and thicker. By this act of contraction, 
as it is termed, the parta to which the ends of the filirc 
arc attached are, of course, approximated ; and accord- 
inw to the relatioiis of their points of atta(;hment to the 
centres of motion of the different rings, the bending or 
the extension of the tail reeuits. Close observation of 
tho newly-opened lobster would soon show that all its 
movements are <Jue to the same cause — the shortoniitg 
and thickening of tliese iJeshy fibres, which are techni- 
cally called musclea 

Here, then, is a capital fact. The raoTementa of the 
lobster are due to muscular contractility. But why does 
a aiuscle contract at one time and not at another ? Why 
does one whole group of muscles contract when tho 
lobster wishes to extend his tail, and another group 
when he desires to bend it? "What is it originates, 
directs, and controls the motive power? 

Experiment, the great instrument for the ascertain 
ment of truth in physical science, answers this question 
for 118. In the head of the lobster there lies a amall 
tnasa of that peculiar tissue which is known as nervous 
substance. Cords of similar matter connect this brain 
of the lobster, directly or indirectly, with the moseks. 
Now, if these communicating cords are cut, the brain 
remaining entire, the power of exerting what we call 
voluntaiy motion in the parts below the section is de- 
stroyed ; and on the other hand, if, tbc cords remain'mg 
entire, the brain mass be destroyed, the Siime voluntAiy 
mobility is equally lost Whence the inevitahle conclu- 
sion is, til at the power of originating these motions resides 
in the brain, and is propagated along tlie nervous corda 

Id the higher animals the pfasenomcna which attend 
this trunamiasion have been iuvcstigivt-cd, and the exer- 
tion of the pticuliftr energy wliich. residue in tbo Dorves 
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has been found to be accompanied by a dlstorbance 
tlio electrical state of their molucules. 

If we could exactly estimate the aigntfication of thi 
disturbance ; if we could obtain the value of a ^vaP 
exertion of nerve force by determining the quantity of 
electricity, or of heat, of which it is the cqmvalent ; if 
we could asdcertain uix)ii what arrangement, or otJier, 
condition of the molecules of matter, the maiiifcstiition 
the nervous and muscular energies depends, (and doubt 
less science will some day or other ascertain these points,' 
physiologists would have attained their ultimate goal 
thifi direction ; they would Lave determined the i-elation 
of the motive force of animala to the other forma of force 
fouDd in nature ; and if the same process had been suc- 
cwftfully performed for all the operations which are 
cairied on in, and by, the animal frame, physiology™ 
would be perfect, and tlie facts of morphology anfl^ 
diatrihatlun would be deducible from the laws which 
physiologists had established, combined with those deteo^ 
mining the condition of the Bun-ouitding univerBc. ^| 

There is not a fragment of the organism of this hdmblft 
aninud, whose study would not lead us into regions of 
thought as large as those which I have briefly opened 
up to you ; but what I have l^een sajnng, I trust, has not 
only enabled you to form a conception of the scope and 
purj)ort of zoology, but has given you an imperfect 
example of the maimer in which, in my opinion that 
acicnce, or indeed any physical science,, may be bc^t 
taught The groat matter is, to make teaching real and 
praeticul, by fixing the attention, of the student on par- 
ticuliir facts ; but at the oame tinio it should be rendered 
broad and comprehensive, by constant reference to tho 
generalizations of which all particuhir fitcta are illustra- 
tions. The lobster has served as a type of the whole 
animal kingdou, and its uiiiitumy and physiology havo 
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'illusirated for us some of the greatest truths of hiology. 
""■he studeub who hns once eeeii for himself the facti 
hich I have describe*], has liad their relations ex- 

f>laine(l to him, and has clearly comprehended them, 
las, so far, a knowledge of aooltjgy, which is real anil 
geuuine, however limited it may he, and which is worth 
more than all the mere reading knowledge of the science 
he could ever acquii'e. His zoological information is, ao 
far, knowledge an<l not more hearsay. 
, And if it were m^ businesH to fit yon for the certi- 
ficate in zoological science granted by this department, 
should pursue a course precisely similar in principle 
to that wliich I have taken to-night. I should select a 
fi'esh'Water sponge, a fresh-water polype or a Cyav^re, 
a fresh-water mussel, a lobster, a fowl, as types of the 
five primary divisions of the animal kingdom. I .should 
explain their structure veiy fully, and s-how how each 
illustrated the gi-eat principles of zoology. Having 
gone very carefully and fully over this ground, I should 
feel that you had a safe foundation, and I should then 
take you in the same way, but less minutely, over 
similarly selected iUnstrative types of the classes; and 
then I ^ould direct your attention to the special forma 
eniunerated under the head of types, in this syllabus, 
and to the other facts there mentioned, 

llaat would, speaking generally, be my plan. But 
I have undertaken to explain to you the best mode of 
Bcquinng and communicating a knowledge of zoology, 
And you may theretbre fairly ask me for a more de- 
tailed and precise account of the manney in which 1 
bIiuuM propose to furnish you with th.3 information I 
^fer to. 

I My own impression is, that the best model for all 
Kinds of training in physical science is that aftbrded 
liy the method of teaching aiiutouiy, in use in th« 
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medical aetiools. This method consists of three elements 
— lectures, demonstrations, and examinations. 

The object of lectures is, in the first place, to awaken 
the attention and excite the enthusiasm of the student ; 
and this, I am sure, may be effected to a far greater 
extent by the oral discourse and by the personal ioflueace 
of a respected teacher than in any other way. Secondly, 
lecture* have tlie double use of guiding the student 
to the salient points of a subject, and at the same 
time forcing him to attend to the whole of it, iind not 
merely to that part which takes his fancy. And lastly, 
lectures afford the student the opportunity of seeking 
explanations of those difficulties which will, and indeed 
ought to, arise in the course of his studies. 

But for a student to derive the utmost possible value 
from lectures, several precautions are neeilful. ^M 

I have a strong impresition that the better a diaeour^M 
is, as an onition, the worse it is as a lecture. The flow 
of the discouree carries you on without proper atten- 
tion to its sense; you drop a word or d phrase, you • 
lose the exa<'t meaning for a moment, and while you 
strive to recover yourself, the speaker has passed 
to sometliing else. 

The practice I have adopted of late years, in lecturiQi 
to students, is to condense the substance of the hour's 
discourse into a few dry propositions, which .are resul 
slowly 'and taken down fixim dictation; the reading of 
each being followed by a free commentary, expanding 
and illustrating the proposition, explaining terms, aa 
removing any difliculties that may be attackable 
that way, by diagrams made roughly, and seen 
11 gi-cw under the lecturer's hand. In this manner y 
at any rate, insure the co-operation of the student 
u certain extent. He citimot leave the lecture-room 
eutircly empty if the taking of notes is enforced : au^^ 
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K student must be preternaturally dull and mechanical, i 
if ho can takes notes aud hear them properly explajucd,; 
and yet learn notbiD-r, 

"NSTiat books shall I read? is a question constantly 
put by the student to the tt^acher. My reply usually is, 
" None : write youj notts out carefully and fully ; strive 
to understand them thoroughly ; come to me for thaj 
explanation of anytlilng you cannot understand ; and 
I would rather you did not distract your mind by 
reading." A properly composed course of lectures' 
ought to contain fully as much matter as a student 
can aasiniilatc in the time occupied by its delivciy ; and 
the teacher should always recollect that his business is 
to feed, and not to cram the intellect. Indued, I believe 
that a student who gains from a coui'se of lectures 
the Mmple habit of concentrating' his attention upon 
a definitely limited Berte.! of facts, until they are 
thoroughly maeteved, baa made a step of imineasiunble 
importance; 

But, however good lectures may be, and however 
extensive the course of reading by which they are 
followed up, they are but accessories to the great in- 
Btrument of acientific teaching — demonstration. If I 
insist unweariedly, nay fanatically, upon the importance 
of physical science as an educational agent, it is because 
the study of any branch of science, if properly conductcfl, 
appears to me to fill up a void loft by all other means 
of education. I have the greatest respect and love for 
literature ; nothing woidd grieve me more than to see 
lit*Tary training other than a very prominent branch oi 
education : indeed, I wish that real literary discipline 
were far more attended to than it is ; but I cannot , 
shut my eyes to the fact, that there is a viist differej 
between men who have had a purely literaiy, ant 
lirlio have had a sound scientific, training. 
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Seeking for tlic enusc of tliis diifcreiicc, I imagine T 
can fiEiii ifc in the fjii*t, that, in the world of IcUcrs, 
leiinting and kiiowlcilgo arc one, mid hooks are the 
MflXKb of both ; whcrca.<) in science, as in life, lcaTnir.g 
atid knowledge arc distinct, and the study of things 
and not of books, is the source of the latter. 

All that literature has to bcutow may he obtained 
by reading and by practical exorcise in writing and 
in speaking ; but I do not exaggerate when I say, that 
none of the best gifts of science are to be won by these 
mwina. On the contrary, the great benefit which a 
scientific education bestows, whether as training or as 
knowledge, is dependent upon the extent: to which tlie 
mind of the student is brought into immediate contact 
with facts — upon the degree to which he loams the 
habit of appealing directly to Nature, ajid of acquiring 
through his senses concrete images of those properties 
of things, which arc, sind always will be, but approsi- 
matively expressed in human language. Our way of 
looking at Nature, and of speaking about her, varies 
from year to year ; but a fjtct oucc seen, a relation of 
cause and cffi^et, once demonstratively apprehended, aro 
possessions which neither change nor pass away, but, 
on the contrary, form fixed centres, about which other 
trnths aggregate by natural aihuity. ^M 

Therefore, the gnjat business of the scientific tcach^^ 
is, to imprint the fundamental, incfragablc facts of hia 
I Bcience, not only by words niiou the mind, bat by 
sensible impressions upon the eye, and cur, and toucli 
of the student, in so complete a manner, that e«erv 
term used, or law enunei;ited, should afterwards c^Jl 
up vivid images of thci piirticuhir structural, or other, 
facts whirh furrilslicd the dean instnu ion of the law, or 
the iUustration of the term. 

Now this inipoitant oj>eration can only be achievt 



by constant (lemonstralion, which may tate place tii 
a certain imperfect extent during a k-cture, but wLiclii 
ought also to be carried on independently, and whicli 
should he addressed to each individual student, t.hcj 
teacher cndcavouriiig, not so much to show a thing to 
the leamor, as to make him see it for himself. 

I am well awaro that there are great practical difficul- 
ties in the way of effectual zoological demonstrations. 
The dissection of auimals is not altogether pleasant, ! 
and reqnirea much time ; nor is it easy to secure an 
adequate supply of the needful speeimena. The botanist 
has here a great advantAge; his specimens are easily 
obtained, ore clean and wholesome, and can be dissected 
in a private bouse as widl as anywhere else ; and 
hence, I believe, tho fact, that botany is so much 
more readily and bettor taught than its sister science. 
But, be it difficalt or be it easy, if zoological science 
is to l>e properly studied, denionstration, and, con- 
eequently, dissection, must be had. Without it, no 
mnn can have a icaily sound knowledge of animal 
organization. 

A good deal may be done, however, without actual 
dissection on the student's jjart, by demon atration ni^m ^ 
specimens and preparations ; and m all probability it fl 
would not be very diliieult, were the demand sutbuient, " 
to organize coUfctions of such objects, suiHcient for all 
the purposes of elementary teaching, at a comparatively 
cheap rate. Even witlioat these, much might be effected, 
if tho zoological collections, which are open to the 



It tlio zoological collections, wnicli are open to the j 
pcblie, were arranged according to what has bccnfl 
tenned the "typical principle ;" that is to say, if tho" 
■peciancna exposed to public view were so selected, that ^ 
tlic public could learn something from them, instead fl 
of being, as at present^ merely confused by their mul- ' 
tiplicity. Por example, the grand ornithological gatlerjf 



at the British Museum contains between two and three 
thousand species of birds, and sometimes five or six 
Bpecimenfi of a apcciea. They are veir pretty to look 
at, and some of tlie caacs are, indeed, splendid ; but ^ 
I will undertake to say, that no man but a profeaaed 
ornithologist has ever gathered much infortiiation from 
the collection. Certainly, no one of the teiia of thousandB 
of the general public who have walked thi-ough that 
gallery ever knew more about the essential peculiarities 
of birds when he left the guUery, tliau when he entered 
it But if, somewLera in that vast hall, there were ft 
few preparations, exemplifying the leading structural 
peculiarities and the mode of development of a common 
fowl; if the types of the genera, the leading modifi.- , 
eatioTis in the skeleton, in the plumage at various agoiB 
in the mutle of nidifiealion, and the like, among birds, 
were diaplayed ; and if the other specimens were put 
away in a place where the men of science, to whom 
they are alone usefid, could have free access to them, 
I can conceive, that this coUcetion might become ^^ 
great instrameut of seicutific education. j^^ 

The last implement of the teaeher to which I have 
adverted ia examination — a means of education now so 
thoroughly understood that I need hardly enlarge upon 
it. I hold that both written and oral examinations 
are indispensable, and, by requiring the description 
of specimens, they may be made to supplement 
demonstration. 

Sufh is the fullest reply the time at my disjioBal 
will allow me to give to the question — how may a knoi^l 
ledge of zoology be best acquired and communicated ? 

But there is a previous question which may be moved, 
und which, in fact, I know many are inclined to move- 
It is the question, why should training masters ha 
encouraged to acquire a knowledge of tluis, or any oth«i 
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branch of physical science ? What is the use. it is said, 
of attempting to make physical scicuce a branch of 
priinary education ? la it not probable that teachers, 
in pursuing such studies, will be led astray from the, 
acquirement of more important but less attractive 
knowledge ? And, even if they can learn sometJiiog 
of science without prejudice to their usefulness, whai 
is the good of their attempting to inatU that knowledge 
into boys whose real business is the acquisition of 
reading, wi-ttiug, and arilhraetic ? 

These questions arc, and will be, very commonly 
asked, for they arise from that profound ignorance of 
the value and true position of physical science, which 
infest*s the minds of the most highly educated and^ 
intelligent classes of the community. But if I did not V 
feel well assured that they are capable of being easily 
and satisfactorily answered; that they have been an- 
swered over and over again ; and that tlio time will 
come when men of liberjil education will bluslt to raise 
Buch questions, — I should be ashamed of my position 
here to-night. Without doulit, it is your greiit and very 
important function to caiTy out elementary education ; 
without question, anything that should interfere with 
the faithful fulfilment of that duty on your part would 
be a great evil ; and if I thought that your acquirement 
of the elements of phyRical Bcience, and your communl- 
cjttion of those elements to your pupils, involved any 
sort of interference with your proper duties, 1 slioulc! 
be the first pci-son to protest against your being en- 
couraged to do anything of the kind. 

But is it ti"ue that the acquisition of such a know- 
ledge of science as ia proposed, and the comuiunieation 
of that knowledge, are calculated to weaken your use- 
fulness ? Or may I not rather ask, ia it possible for you 
to discharge your functions properly without these aids t 
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LAT SSSWONS, ADDRSSUBSy AND REKIEITS. 

What is Uii> pnrpoae of primary intelloRtual educa- 
tion? I nppr-^htiiul t!mt its first, object ia to train the 
young in the use of those tools wherewith men extxact 
Knowledge from the ever-shifting Bucccasion of phjeno- 
raena wliich pasB before their eyea ; and thjit its aecond 
object is to inform tliem of the fuudamcntol laws which 
liave beea found by experience to govern the course of 
things, 80 that they may not be turned out into the 
world naked, defenceless, and a prey to the events they 
might control. JH 

A boy is taught to read his own and other languagt^^ 
in order that lie may have access to infiuifcely wider 
atorea of knowledge than could ever be ujwned to biin 
by oral intercourse with hia feUow men ; he learns to 
write, that his mcaua of coramunieation with the rest of 
mankind may be indefinitely cnUrged, and that he ma) 
record and store up the knowledge he acquires, 
la taught elementary mathematics, that he may und« 
stand all those relations of number and form, upon 
which the transactions of men, associated in complicated 
Bocieties, are buift, and that he may have some practice 
in deductive reasoning. ^1 

All these operations of reading, writing, and ciphoriog^ 
are intellectual tools, whose use should, before all things, 
bo letirned, and learned thoroughly ; so that the youth 
may be enabled to make his life that which it ought 
be, a continual progress in learning and in wLgdomi, 

Bat, in addition, prlraaiy education endeavours to fit 
ft boy Out with a cerUiin equipment of positive kunw- 
tedge. He ia taught the great laws of morality ; tho 
religion of his sect; so much history and geography as 
will tell him where the great countries of the world 
are, ^hat they ore, and how they have become what 
they are. 

Without doubt all these are moat fitting and 
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ccllent things to teach a boy ; I should be very mr. 
to omit any of them from any scheme of primary in 
tellectual education. The system is escelleut^ ao far 
it goes. 

But if T Tegnrd it closely, a cunoiis reflection arises. 
I suppose that, liftoeii hundred years ago, the child of 
any well-to-do Ro)n;in citizen was taught just these 
Bame things ; reading and writing in hm own, ami, per- 
haps, the Greek tongue; the clcraeuta of mathematics; 
and the religion, morality, history, and geography cu 
rent in his time. Furthermore, I do not think I enf 
in affirming, that, if such a Christinn Roman boy, who 
had finished his education, could be transplanted in 
one of our public schools, and pass through its course of 
instruction, he woidd not meet with a single unfamiliar 
lino of thought ; amidst all the new facts he would 
have to learn, not one would suggest a dilfercnt mode 
of reganUng the universe from that current in his 
own tima 

And yet siircly there is sonio great difFereuce between 
the civilization of the fouith century and tbat of the 
nineteenth, nml still more between the intellectual habits 
and tone of thought of that day nud this ? 

And what has made this difference ? I answer fear- 
lessly, — The prodigious development of physical scicnco 
within the last two centuries. 

Modern civiliaation rests upon physical science ; tako 
away her gifts to our own country, and our jiosition 
among tLe leading nations of the world is gene to- 
morrow ; for it is physical science only, that makes 
iDtcIligcnce and moral energy stronger than bruto force. 

The whole of modem thought is steeped in science ; it 
lias made its way into the works of our best pocta, find 
even the mere man of letters, who aflects to ignore and 
de«piso science, is micouseiomly impregnated with her 
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S|Mrit. and indebted for liis best jiroducts to her methwlft. 
I bcIiiTVo tlijit Mii; gn'ii(<-.st iiitclhctii.-il itivolutiou mati- 
kiiid hiis yvt acim ia now slowly taking place by her 
flgoncy. She is teaching the world that the ultimate 
court of appeal is obser^'ation and experiment, atid not 
authority ; ahe is teaching it to estimate the value o( 
evidence ; she is creating a firm and living faith in the 
existence of immutable moral and physical lawa, perfect 
obu'dience to which is the highest possible aim of aa 
Intelligent being. 
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But of all this yoar old stereotyped system of educ^ 
tiou takes no note. Physical science, iU methods, ita 
problems, and its difficulties, will meet the poorest boy 
at every turn, and yet we educate him in such a manner 
that he shall enter the world aa ignoi-ant of the existence 
of the methods and facts of science as the day he was 
horn. The modern world is full of artillery ; and we 
turn out our children to do battle in it, equipped with 
the shield and sword of an ancient gladiator. 

Posterity will cry shame on us if we do not remedy 
this deplorable state of things. Nay, if we live twenty 
years longer, our own eonscicnens will cry shame on us. 

It is my firm conviction that the only way to remedy 
it is, to make the elements of physical science an integral 
part of primary education. I have endeavoured to show 
you how that may be done for that branch of science 
which it is my business to parane ; and I can but add, 
that 1 should look upon the day when every school- 
jiiaster throughout this land was a centre of genuine, 
however rudimentary, 8citinti6c knowledge, as an epoch 
in the history of the country. ^H 

But let mc entreat you to remember my last wotot^ 
Addressing myself to you, as U'richers, I would eay, mere 
hook learning in physical science is a sham and a 
delusion — what you tench, unless you wish to be impoa* 



•CI.) ON THE STODY OF ZOOLOOr. 119 

tors, that you must first know; and real knowledge in 
science means personal acquaintance with the facts, be 
they few or many.^ 

' It hftfl been mggented to me that thene wnrda may be taken to imply 
• discouragemeBt on my part of any aort of actentifio instruction which 
does not give an acqiiaintance with the facts at first hand. But this ia 
not rn; meaning, Tbo ideal nf acientifio teaching ia, no doubt, a syatem 
by whicb the scholar sees every fact for himself, and the teacher suppliei> 
only the explanationa. Circumstances, however, do not often allow of the 
■ttaininent of that ideal, and we must put up with the next best system — 
one ill which the scholar takes a good deal on trust from a teacher, who, 
knowing the facta by his own knowledge, can deacribe them with so much 
vindness as to eniAile his audience to form competent ideas oonoeming 
them. Hie system which I repudiate is that which allows teaohera who 
havo not come into direct contact with the leading facts of a science to pass 
their second-hand information on. The scientific virus, like vaccine lymph, 
if posxed through too long a succeuaion of oi^n'smn, will lone all its effect 
in protecting thu yoiiug against tlui iatellectiul epiJetuioB to which they we 
OSimnmmL 
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Ijj ortVr to malce the title of this discourse grnenilljr 
iiiklligitile, I have trnushtcd the term "Pmfcopliiam," 
which is the scientific niLnie of the £ubBtaDce of which I 
(im about to speak, by the words "the physical biisis ^h 
life," I suppose that, to muny, the idea that there i^| 
such a thing as a physical basis, or matter, of life may 
lie novel — so wid<^Iy spread la the conception of life as a 
Bomethina which works through matter, but is indcpeodeiit 
of it ; aud even those who are aware that matter aiid 
life are inseparably coouecbed, may not he prepared for 
the conclusion plainly suggested by the phrase, **tfte 
jihysical basis or matter of life," that there is aome on* 
kiad of matter which ia common to all living beings, 
imd that their endlet^s diversities are bound together by 
a physical, as well m an ideal, unity. In fact, when iirst 

* Tha Biilwtftnoe ot thia paper waa oontnined in a disoourae whfoli wm 
doliveriNl in E'liiibui^h on tbe eveuiiig of Siiiidaj', the Sth of K>>ven]b«r, 

IStl^— tMiing thci timt nf a eeries of Suoil*^}' cvoniiig Aildreases aytna iion- 
tlicologiml tapioA, inatitutod tiytbsIL«v. J-Crenlirijok. Snnie phrases, w hid h 
c<)iild pnA.^3^ only a trnnditory and \aul jntotvat, buve bt-en omittnd; 
liiHtcad of t.h'< TiowBfn{>4r report of tlio Arolil>iftli<>]> of YorVa addri^v, hN 
Unatft euhseqiiisntlj-piiblinheii pamphlet "On the Limits i>f Philosophic*) 
Inquiry ''m (piutecl; uiid 1 have, harc^ niid thcr?,<<ii<itikViiuri:(l t»cxi>T«<w tnV 
jjieitniiig nX'To fully and cbarly thai) 1 aoeni to have done la speaking— if I 
itiuyjudgH by atiiidry<iriticUmaupou what lumauppoaedtohaveiwiiJ, which 
liHv-t) ft|ji>i!ni'nd. Hut in imhHtaneo, a.nd, en fur as tny rocnlluctioa sorvco, Ui 
(lurio, wtut u ht3i<e writteu oorresiMjiidii with wtiat wm tUurv said. 
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apprelieuded, such a doctriue as this appears ahnost 
ehocking to common sense. 

What, truly, can seem to be more obviously different 
from one another, in faculty, in form, and in substance, 
than the various kinda of hving beings ? What community 
of facidty can there be between the brightly-coloui-ed 
lichen, -which so nearly resembles a mere mineral in- 
' crustation of the bare rock on which it grows, and the 
painter, to whom it is instinct with beauty, or the 
botanist, whom it feeJ-S with knowledge ? 
I AgaiD, think of the microscopic fungus — a mere infi- 
1 nitesiDial ovoid particle, which finds space and duration 
i enough to multiply into couutlesa millions in the body 
' of a living fly ; and then of the wealth of foliage, the 
[luxuriance of flower and fruit, which lies between this 
bald sketch of a plant and the giant pino of Califonua, 
I towering to the dimensions of a cathedral spire, or tlie 
I Indian tig, which covers acres with its profound shadow, 
' and endures while nations and empires come and go 
around ita viist circumference. Or, tuiniug to the other 
half of the world of hfe. picture to yourselves the great 
Kinner whale, hugest of beasts that Uve, or have lived, 
disporting his eighty or ninety feet of bone, muscle, and 
blubber, with easy roll, among waves in wliieh the 
stoutest ship that ever left dockyard would founder 
. hopelessly ; and contrast him with the invisible animal- 
cules — mere gelatinous specks, multitudes of which could, 
in fact, dance upon the point of a needle with the same 
ease as the angels of the {Schoolmen could, in imagination. 
With these images before your minds, you may well ask, 
what community of form, or structure, is there between 
the animalcule and the whale ; or between the fungus and 
the fig-tree ? And, d fortiori, between all four ? 

Finally, if we regaid substance, or material composi- 
tion, what hidden bond can connect the flower which a 
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girl venrs in her hair and tlic bIoo<I which courars 
through her youthful veins ; or, what is there in coromou 
between the dense and resisting mass of the oak, or the 
strong fabric of the tortoise, and those broad disks o( 
glassy jelJy which may be seen pulsating through tha 
waters of a calm sea, but which drain away to mere films 
in the hand which raises them out of their element ? jjH 
Such ohjecttona as these must. I think, arise in tia^ 
mind of every one who ponders, for the first time, upon 
the conception of a single physical basis of life under- 
IjTnff all the diversities uf vital existence ; but I propOBe 
to demonstrate to you that, notwithstanding thewo 
apparent difficulties, a threefold unity— namely, a unity 
oi power or faculty, a unity of form, and a unity tn 
Bubstnntial compositiuu — does pervade the whole liv 
world. 
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No TCry abstnisc argumentation fe needed, in the first 
place, to prove that the powers, or faculties, of all kinda 
of living matter, div&rse as they may be in degree, are 
Bubstautially simitar iu kind. 

Goethe has condensed a survey of all the powers of 
mankind into the well-known epigram : — 

"Warum treiM eieli du Volk so nnd achroitl Ea will sich emahTen 
Kintler leiigeTi, und dit) niiliTen iki gul es vurina^ 
« * • • • 

TVeitet bringt ea kein McdbcIi, stoll' er aich wte er auuh wilL" 

In physiological language this means, that all th« 
multifarious and complicated activities of man ai'i; 
comprehensible under three categoriea Either they are 
immediately directed towards the ma-intenancc ami deve- 
lopment of the body, or they effect transitory changes 
in the relative positions of parts of the body, or they tctK! 
towards the f.oiitinuancc of the species. Even those mani- 
festations of intellect, of feeling, and of will, which *j 
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rightly name the higher faculties, are not excliiJetl from 
this ylussilicjition, inasmuch as to every one but the subject 
of them, they are known only as transitory changes in 
the relative positions of parts of the body. Speech, 
gesture, and every other form of human action arc, in 
the long run, resolvable into muscular contraction, and 
muscular contraction is but a transitory change in the 
relative positions of the parts of a muscle. Bat the 
echeme which is large enough to embrace the activitiea 
of the highest foi-ra of life, covers all those of the lower 
creatures. The lowest plant, or aniraalcide, feeds, grows, 
and reproduces its kind. In addition, all auimala manifest 
tliose transitory changes of form which we class under 
irritability and contractility ; and, it b more than 
prol>able, that when the vegetable world is thoroughly 
explored, we shall find all plants in possession of the 
same powers, at one time or other of their existence. 
I am not now alluding to such phsenomena, at once 
rare and conspieuoua, as those exhibited by the leaflet? 
of the sensitive plant, or tlie stamens of the barberry, 
but to much more widely-spread, aud, at the same time, 
more subtle and hidden, manifestations of vegetable 
contractility. You nre doubtless aware that the common 
nettle owes its stinging property to the innumerable stiff 
and ncedle-lilce, though exquisitely delicate, hairs which 
cover its surface. Each stingtng-needle tapcra from a 
broad base to a slender summit, which, though rounded 
at the end, is of such microscopia fineness that it readily 
penetrates, and breaks off in, the skin. The whole hair 
consists of a vcrj- delicate outer case of wood, closely 
applied, to the inner surface of which is a layer of semi- 
floid matter, full of innumerable granules of extreme 
minuteness. This semi-fluid lining is protoplagm, which 
thus constitutes a hind of bag, full of a limpid liquid, 
4iid roughly corresponding in form with the interior of 
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the hair which it filla Wlicn viewed with a sufficientt 
liigh magnifying power, the protopliu*n)ie layer of the 
nettle huir is seen to be in a condition of unceasing 
activity. Local contractions of the wliole thickuess of 
its substance pjisR slowly and gradually fx-ora. point to 
point* and give rise to the appearance of progressiva 
waves, just as the I>ending of successive stalks of cum by 
a hreczo produces the apparent billows of a corn-field. 

But, in addition to these movements, and indcpcndcuti]' 
of thera, the granules are driven, in relatively rapid 
streams, througli channels in the protoplasm which seem 
to have a considerable amount of persistence. Must 
commonly, the currents iu adjacent parts of the proto- 
plasm take similar directions ; and, thus, there is a 
general stream up one side of the hair and down the ' 
other. But this does qot prevent the existence of partial 
currents which take different routes ; and, sometimes, 
trains of granules may be seen coui'sing swiftly in 
opposite directions, within a twenty-thousandth of an, 
inch of one another ; while, occasionally, opposite strcaraa 
come into direct collision, and, after a longer or shorter 
struggle, one predominatca. The cause of these currents 
seems to He in contractions of the protoplasm whicli 
liounds the channels in which they fl^iw, but which are 
so minute that the best microscopes show only their 
effects, and not themselves. 

The spectacle afforded by the wonderful energies 
prisoned within the compass of the microscopic hair 
of a plant, which we commonly regard as a merely 
passive organism, is not easily forgotten by one who haa 
watched its display, contiimed hour after hour, without 
pause or sign of weakening. Tlie possible complexity 
of many otlicr o'^ganie forms, seemingly as simple aa 
the prutophism of tlic nettle, diiwns upon one; and the 
compariBou of sueli a protoplasm to a body with an 
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internal circulation, which has bet'n put forward hy an 
eminent physiologist, loses much of its startling character. 
Currents simihir to those of the hairs of the nettle have 
been observed in a great multitude of verv different 
plants, and weighty authorities have Buggested that they 
probably occur, in more or less perfection, in all young 
vegetable cells. If such be the case, the wonderful 
noonday silence of a tropical forest is, after all, due only 
to the dulness of our hearing ; and could our ears caCeh 
the murmur of these tiny Maelstroms, as they whirl In 
the innumerable myriads of living cells which constitute 
each tree, we should be stunned, as with the roar of 
a great city. 

Among the lower pJantB, it is the rule rather than the' 
exception, that contractiUty should be still more openly 
manifested at some periods of their exietenee. The 
protoplasm of Al^gm and Fuvgi becomes, under many 
circumstances, partially, or completely, freed from ita 
woody case, and exhibits movements of its whole mass, 
or is propelled by the contiactihty of one, or more, hair-i 
like prolongations of ita body, which are called vibratil&i 
cilia. And, so far aa the conditions of the manifestation 
of the phojnomena of contractility hiive yet been studied, 
they are the same foi- the plant as for the auimjd. Heat 
and eleetrie shoelis influence both, and in the siune way, 
though it may be in diii'erent degrees. It is by no means 
my intention to suggest that there ia no difference infl 
faculty Ijetween the lowest plant and the highest, or ~ 
between plants and animala. But the difference between ^ 
the powers of the lowest plant, or animal, and those of ■ 
the highest, is one of degree, not of kind, and depends, 
as Milne- Ed words long ago so vrell pointed out, upon 
the extent bo which the principle of the division of 
labour is carried out in the living economy. In the 
loweat organism all parts are compelent to perfonu all 



138 



ur sssmoys, adlressbs, jttd rbvieifs. 



1 



functions, and one and the same portion of proto* 
plaani may aucccssively take on the function of feeding, 
moving, or reproducing apparatus. In the highest, on 
the contrary, a great number of parts combine to per- 
form each fimction, each part doiug its allotted share of 
thn work with givat accuracy and efficiency, but beiO; 
uaelesB for iiuy other purpose. 

On the other hand, notwith&tftnding all the fundi 
mental resembianees which exist between the powers of 
the protoplasm in planta and in animala, they present 
a etriking difference (to which I shall advert more at 
length presently), in the fact that plants can manufjicturs 
fi'o&b protoplasm out of mineral compounds, whereas 
animals arc obliged to procure it ready made, and henoe, 
in the long run, depend upon plants. Upon what con- 
dition thia difference in the powers of the two grciit 
divisions of the world of life depends, nothing is at 
present known. 

With such <inalification as arises out of the las^ 
mentioned fact, it may be truly said that the acts o/ all 
living things arc fundamentally one. Is any such unity 
predicable of their forms ? Let us .'^eek in easily vcrilipd 
facta for a reply to thia question. If a drop of blood he 
drawn by prickiug one's finger, and viewed with proper 
precautions and under a suffiiiicntly high microacopic 
power, there will be &een, among the innumerable mul- 
titude of little, cii'cular, diacoidal bodies, or corpuscles, 
which float in it and give it it.s colour, a comparatively 
small mimber of colouiloss corpuscles, of somewhat larger 
sizB and very iaegular shape. If the drop of blood be 
kept at the tompemture of the body, tliese colourless 
corpuscles will I.>e seen to exhibit a marvellous activity, 
changing their forms with great rapidity, drawing iii 
ond thrusting out prolongations of their substance, a 
creepiag about as if they were independent organisms. 
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The substance which is thus active is a mass of proto-i 
plasm, and its activity differs in detail, ratlicr than inj 
principle, from that of the protoplasm of tho nettle. 1 
Under sundiy circumstance 8 the corpuscle dies an( 
becomes dist4?nded into a round mass, in the midst 
which is seen a Bmaller spherical hody, which exrsteil, 
but was more or less hidden, in the living corpuscle, and] 
is called ita nucleus. Corpusdns of essentially similar' 
structure are to be found in the skin, in the lining of the , 
mouth, and seatterod through the whole fmmeivork a£S 
Uie l)ody. Nay, more ; in the earliest condition of the™ 
human nrganism, in that state in which it has but just 
liccome diatiuguiahable from the egg in which it arises^^H 
it is nothing but an aggregation of such coi-piisclcs, and^^ 
every organ of the body was, once, no more than snch 
an aggregation. 

Thus a nucleated mass of protoplasm turns out to b©! 
what may be termed the structural unit of the humanj 
bof'y. As a matter of fact, the body, in its earliest state,] 
is a mere multiple of such units ; and, in its perfect con- 
dition, it is a multiple of such units, variously modified. 

But does tl3<; formula whicli expresses the esBential 
structural character of the highest animal cover all tha^ 
rest, as the statement of ita powers and faculties covereiJI^ 
that of all others ? Very nearly. Beast and fowl, ' 
reptile and fish, mollusk, worm, and polype, are all com- 
posed of stractural uJiits of the saaiie character, namely, 
mafses of protoplasm with a nucleus. There are sundry 
very low animals, each of which, stiiicturaily, Li a mcro^ 
colourless blood-corpuscle, leading an independent lifcf 
But, at the very bottom of the animal scale, even this 
eimplicity becomes simplified, and all the phicnomena of^ 
life are manifested by a particle of protoplasm without a^| 
nucleus. Nor are sucli orgrinisms iiisigniiicant by rt- asnn " 
of their want of complexity. It is a fair question 
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whctlier tlie protoplasm of those simplest forms of life, 
which people un immense extent of the bottom of tJio 
8ca, would not outweigh that of all the higher iivii^ 
beings which inhabit the hind put together. And in 
ancient times, no less than at the present day, audi 
liviHg beings as theso have been the greatest of rock 
builders. 

What has been said of the animal world is no less true 
of planti Imbedded in the protoplasm at the broad, or 
attached, end of the nettle hair, there lies a spheroidal 
nucleus. Careful exaraination further proves that the 
whole substance of the nettle is made up of a repetitioa 
of such ma'isea of nLieleat<!d protoplasm, each contained 
in a wooden case, which is modified in form, sometimes 
into a woody fibre, sometimes into a duct or spiral vessel, 
sometimes into a pollen gmin, or an ovule. Traced back 
to its earliest state, the nettle arises as the man does, in 
a particle of nucleated protoplaara. And in the lowest 
plants, as in the lowest animiils, a single mass of such 
protoplasm may constitute the whole plant, or the pliotfi^ 
plasm may exist without a nucleus. IH 

Under thcsG circumstances it may well bo asked, how 
is one mass of non-nucleated protoplasm to be distin- 
guished from another? why ciUl one "plant" and tJio 
other " animal" ? ^ 

The only reply is that, so far as form is concem^^ 
plants and animals are not separable, and that, in many 
cases, it is a mere matter of convention whether we call 
a given organism an animal or a plant. There is a liviag 
body called ^tJtalium seplicum, which appears upon 
decaying vegetable substances, and, io one of its fonns, ia 
common npoii the surfaces of tan-pits. In this condition 
it is, to all intents and purposes, a fungus, and formerly 
was always regarded as such ; but the remarlvable in- 
vcaiigatious of De Bary have shown that, in ouochcx 
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condition, the JEthaUwm is an actively locomotive ere 
ture, and takes in solid matters, upou which, apparently 
it feeds, thus exhibiting the most characteristic fcatu 
of animality. Is this a plant ; or is it aa animal ? Ii 
it liotb ; or is it neither? Sume decide in favour of the 
last 8m)|Ki8ition, and estii.blish an mtermediate kingdom,, 
a soit of biological No Man's Land ' for all these quea 
tionablc forma. Eat, us it is admittedly impossible t 
draw any distinct boundary line between thiij no mau'?! 
land and the vegetable world on the one hand, or tho 
animal, on the other, it appears to me that this pro- 
ceeding merely doubles the difficulty which, before, w 
Eingle, 

Protoplasm, simple or nucleated, is the forma] basis 
all life, it is the clay of the potter : which, hake it andl 
paint it as he will, remaiiia clay, separated by artifice, 
and not by nature, from the commonest brick or sun- 
dried clod. 

Thus it becomes clear that all living powers 
cognate, and that all living forms are fun dlamen tally of 
one clmracter. The rcseai-ches of the chemist have 
revealed a no less striking unifonnity of mnteiial com- 
position in living matter. 

In perfect strictness, it is true that chemical invca- 
t'^tion can tell ua little or nothing, directly, of tha 
composition of living matter, inasmuch as such matter 
must needs die in the act of an:dysis, — and upon tliia 
very obvious ground, objections, which I confess seem tofl 
me to be somewhat frivolous, have been raised to the 
drawing of any conclusions whatever respecting the 
composition of actually living matter, from that of tha 
dead matUT of life, which alone is accessible to ua But 
objectors of this class do not seem to reticet that it ia 
alao, in strictness, true that we know nothing about tba, 
composition of any body whatever, as it ia. The state- 
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mcnt that a crystal of calo-«piur coiusUts of carbonate of 
lime, is quite tniu, if we only meim ttiat, by uppi'upriate 
processes, it may bu resolved into carbonic acid and 
quicklime. If you piiss tlic same carbonic acid over tbu 
very quickUnie thutt obtained, you will obtain carbonaUt , 
of lime again : but it vrill not be calc-epar, nor anytliiog I 
like it. Can it, therefore, lie said that cliiiinical analysis 
teaches nothing a)x)iit the chemical oompusition of caJc- 
sparf Such a statement would be absurd; but it ia 
hardly more so than the talk one occasionally heara 
about the usele-sancss of applying the results of chcmic^y 
analysis to the living bodies which have yielded them. ^| 

One fact, at any rate, is out of reach of such refine- 
ments, and this is, that all the forms of protoplunm 
which have yet been examined contain tbo four olemenU', 
carljon, hytlrofren, oxyge;n, and nitrogen, in very complex 
union, and that they behave suuilarly towards several 
rt-'agents. To this complex combination, the nature of 
which has never been determined with i-xaetncss, the 
name of Protein has been applied. And d" we use thia 
term with such caution as may properly anac out of our 
comparative ignorance of the things for which it stands, 
it may bo truly »aid, that all protoplasm is proteinaceous , 
or, a^ the white, or albumen, of aa egg is one of the 
commonest examples of a nearly pure proteine matter, 
we may say that all livmg matter is more or 1«^^ 
albuminoid. ^H 

Perluips it would not yet be safe to say tliat all fomifi 
of protoplasm are aflccted by the direct action of electno 
shocks ; and yet the number of eaaoa in which the 
contraction ot protoplasm is shown to be effected by this 
agency iuci-eji^es every clay. 

Nor can it be aliinncd with perfect confidence, that all 
forms of piotopliwm are liable to undergo that peculiar 
coagulation at a tcmperaturo of 40' — 50' ccutigru 




■ra] Oy THE PBFSWJl BASIS OF UFE fjl 

"wliicli bas been railed "liont-atifTeniLig," tliough Kuhne'j 
beautiful reseaicheB have proved tbis ocumTeiice to tak^ 
place in so many and such diverse living beings, that it 
is hardly ra^th to expect that the law holds guud for all. \ 

Enongh haa, perhaps, heen said to prove the existence 
of a general unifoTniity in the character of the proto? 
plasm, or physical basis, of life, in whatever group or 
uving beings it may be studied. Bnt it will be imdur- 
stooa that this general uniformity by no means excludes 
any amount of special modifications of the fundamental 
BUDstance. The mineral, carbonate of lime, assumes an 
immenee diversity of characterd, though no one doubts 
that, under all these Protean changes, it is one and tb 
same thing. 

And now, what is the ultimate fate, and what the 
origin, of the matter of life ? 

Is it, as some of the older naturalists supposed, 
diffused throughout the universe in molecules, which are 
indestructible and unchangeable in themselves; but, in 
endless trnnamigration, unite in innumerable permu- 
tations, into the diversified forms of life we know I Or, 
is the matter of life composed of ordinary matter, 
differing from it only in the manner in which its atoms 
are aggregated? la it built up of ordinary matter, and 
again resolved into ordinaiy matter when its work is 
done? 

Modem science does not hesitate a moment betwfion 
these iiltemativca. Physiology writes over the puitala of 
life — 

"Sebeiuur morti aoa nostraquo,'* 

with a profounder meaning than the Roman poet attaclicd ; 
to that melancholy line. Undur whatever disguise it 
takes refuge, whether fungus or oak, worm or muii, thu 
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living protoplasm not only ultimately dies and is resolver 
into its rainera! and lifele.^^ constituents, but is always 
dying, and, Strang as the paradox may sound, could not 
live unless it diea. 

In the wonderful story of the " Peau de Chagrii 
the hero becomes p08St>s,^(!ii of a magical wild aas' akii 
which yields him the means of gi-atifymg all his wiahc 
But its surface represents the duration of the proprietoi^i? 
life ; and for every siitLsfied desire the skin tshrinks in 
proportion to the intensity of iruition, until at length 
life and the last ha,ndbreadth of the peau de clia^rij^^ 
disappear with the gratiBcation of a last wish. ^| 

Balzac's studies had led him over a wide range o^^ 
thought and speculation, and his shadowing fortl) of 
physiological truth in this strange story may have been 
iutcntioual. At any rate, the matter of life is a veritable 
peuu de chagrin, and for every vital act it is somewhat 
the smaller. All work impliea waste, and the work of 
life results, directly or indirectly, in the waste of pro- 
to^asm. 

Every word uttered by a speaker costs him some 
physical loss ; and, in the strictest sc-uso, he burns that 
others may have light— so much eloquence, so much ol^ 
his body resolved into carbonic acid, water, and ure^H 
It is clear that this process of expenditure cannot go on 
for ever. But, happily, the protoplasmic ^Jettu de chagrit 
diffei-a from Balzac's in its capacity of being repaired, 
brooght back to its full size, after every exertion. 

For example, this present lecture, whatever its int^t 
lectual worth to you, has a certain physical value to mc 
which is, conceivably, expressible by the number of 
grains of protoplasm and otlicr bodily substance wastec 
in maintaimng my vital processes during its delivei^ 
Mypcaw de marji-in will be distinctly smaller at the ent 
of tiie discourse than it was at the beginning. Bjr ant 
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by, I shall probably have wcouree to the substince oom- 
Bionly called mutton, for the jmrpoeie of stretching it 
back to its original size. Novr this mutton was one* 
the living protopl.x^m, more or less modified, of another 
aoimal^a sheep. As I shall eat it, it is the same matter 
altered, not only by deatli, but by exposure to sundry 
artificial opcmtiona iu the process of cooking. 

But these changes, whatever be their extent, have not 
rendered it incompetent Xq resume its old functions as 
matter of Ufa A singular inward laboratory, whieh I 
possess, will dissolve a certain portion of the modified 
protoplasm ; the solution so formed will pass into my 
vmns ; and the subtle influences to which it will then be 
fiubjected will convert the dead protoplasm into living 
iprotoplasm, and transubstantiate sLeep into man. 
I Nor is this all. If digestion were a thing to be trifled 
jwith, I might sup upon lolister, and the matter of life of 
(the crustaeean would uudtjrgo tiie same wonderful meta- 
jmorphosis into humanity. And were 1 to return to my 
own place by sea, and undergo shipwreck, the crustacea 
imight, and probably would, return the compliment, and 
[demonstrate our common nature by turning my proto- 
'plaam into living lobster. Or, if nothing better were to 
De had, I might supply my wants *\ith mere bread, and 
I should find the protoplasm of the wheat-plant to bo 
convertible into man, with no more trouble than that 
]Of the sheep, and with far less, I fancy, than that of 
tbe lobster. 

Htnce it appears to be a matter of no great moment 
vhat animal, or what plant, I lay uikIlt eontributioii ior 
protoplasm, and the fact speaks volumes for the general 
identity of that siibatanee in all living beings. I share 
tbis catholicity of aaei nidation with other animals, all oi 
which, so far as we know, could thrive equally well oa 
tbe protoplasm of any of theii- fellows, or of any plant : 

10 
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I but here tlie assimilative powers of the animal world 
rx'ase. A solution of simOliiig-ftilts in wat^r, with ao 
iofinitoiiimal proportion of some other mliue mattere, 
containB all the elementary hodios which enter into the 
comi)osition of protoplasm ; but, as I Dwd hardly say, a 
hogshead of that tinid would not keep a hungry man iroin 
starving, nor would it save any anima! whatever iiom a 
like fate. An animal cannot make protoplasm, but must 
take it ready-made from some other animal, or some 
plant — the animal's htgheat feat of conatruetive chemistry 
being to convert dead protoplasm into that living matter 
of life which is appropriate to itself. 

Therefore, in seeking for the origin of protoplasm, wu 
must eventually turn to the vegetable world. The fluid 
containing carbonic acid, water, and ammonia, which 
offers such a Barmecide feast to the animal, is a table 
richly spread to midtitudes of pLanta ; and, with a due 
supply of only such materi.-Us, many a plant will uot only 
maintain itself in vigour, but grovv and multiply until it 
has increased a miUiou-fold, or a milliou million-fold, tba 
quantity of protoplasm which it orig-iually poasessod ; in 
this way building up the matter of life, to an indefinite 
extent, from the common matter of the universe. 

Thus, the animal can only rai'^e the complex sub- 
Btanco of dead protoplasm to the higher power, as one 
may Hay, of living protoplasm ; while the plant can raise 
the less complex substances — carbonic acid, water, and 
ammonia' — to the same stage of living protoplasm, if not 
to the same level. But the plant also has its Hmitationa 
Some of the fungi, for example, appear to need higher 
compounds to start with ; and no known plant can live 
upon the uucompoiindcd elements of protoplasm. A 
plant supplied with pure carbon, hydrogen, oxygen, 
and nitrogen, phosjihorus, sulphur, and the like, would 
fts infallibly die as the animal iu his bath of amelliuj;* 
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salts, though it would be snrromidcd by all the const> 
tuents of jjrotopluam. Nor, indeed, need the process of 
eimplificution of vegetable food be carried so fur as this, ^ 
in order to arrive at the limit of the plx.nt's thaumaturgy.fl 
Let water, carWiic acid, and all the other needful oon- 
atituenta be supplied with ammonia., and Jiu ordinary^— 
plant will fltill be unable to manufacture protoplasm. ^| 

Thus the matter of life, so far as wc know it (and we 
have no right to speculate on any other), breaks up, in 
conBcquence of that continual death which is the con- 
dition of its manifcRting vitality, into carbonic acid, 
water, and ammonia, which certain!/ possess no proper- 
ties but those of ordinary matter. And out of these 
same forma of ordinary matter, and from none which 
are aimpler, the vegetable world buUds up all the proto- 
plasm which keeps the animal world a-going. Plants are 
the accumulatoia of the power which animals distribute 
and disperse. 

But it will be observed, that the existence of the fl 
matter of life depends on the pre-exlstence of certain 
compounds ; namely, carbonic acid, water, and ammonia. 
Withdraw any one of these three from the world, and all 
vital phaenoKicna come to an end. They are related 
to the protoplaam of the plant, as the protoplasm of tha 
plant is to that of the animal. Carbon, hydrogen, oxygen, 
and nitrogen are all lifeless bodies. Of these, coi'bou 
and oxygen unite, in certain proportions and under ^ 
certain conditions, to give rise to carbonic acid ;fl 
hydrogen and oxygen produce water ; niti-ogen and " 
hydrogen give rise to ammonia. These new compounds, ^ 
like the elementary bodies of which they are composed, fl 
are Ufeles-s. But when they are brought together, ™ 
under ct'rtain conditions they give ri.se to the still 
more complex body, protoplasm, and this protoplasm 
exhibits the phsenomena of life. 
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I see no break in this Eeries of steps in moleeulu 
t<jmpIir;ition, and I am uniible to undemland wliy the 
. langUMgt; which is applicable to any ouu term cf Uie 
HKnea maj not be useil to any of the others. We think 
fit to call difltMcnt kinds of matter carbon, oxygco, 
hydrogen, and nitrogen, and to speak of the vorioui 
powers and actiWtics of these substances as the pro- 
pertiea of the matter of which they are composed. 

When hydrogen and oxygen are mixed in a certain 
proportion, and an electric spark is passed through them. 
they disappear, and a quantity of water, equal in weight 
to the Bum of their weiglits, appears in their place. 
There is not the slightest parity between the passive and 
active powers of the waters and those of the oxygen and 
hydrogen which hjive given rise to it- At 32* Fahrenheit, 
and far below that temperature, oxygen and hydrogen 
are elastic gaseous Ijodies, whose particles tend to rush 
away from one another with great force. Water, at the 
same tempera til re, is a strong though brittle solid, whoea 
particlc-i tend to cohere into definite geometrical shapes, 
and sometimes build up frosty imitation of the moat 
somplex forms of vegetable foliageu ^| 

Nevertheless we call these, and many other strangP 

Ehieuomena, the pTOperties of the water, and we do not 
eaitate to believe tliat; in some way or another, th^ 
result from the properties of the component elements oi 
the water. We do not assume that a something called 
"aquosity" entered into and took possession of the oxide 
of hydrogen as soon as it was fonned, and then guided 
tlie aqueous particles to their places in the facets of tlie 
crystal, or amongst the leaflets of the hoar-frost. On the 
eond-ary, we live in the hope and in the faith that, by 
the advance of molecular physiia, we shall by and by be 
able to see our way aa clearly from the conetitiienta of 
watflT to the properties of water, as we are now able 
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<Ie(Iure tlie operations of a watch from the fnrm of ita 
parte and the njanner in which they are put together. 

Is the case in any way chauged when carbouic acid, 
iratcr, and amniouia disappear, smd in their place, under 
[the influence of pre-existing; living protoplasm, an 
■equivalent weight of the matter of life makes ita 
[appearance ? 

I It is true that there is no sort of parity between the 
[properties of the components and the properties of the 
!resultant> but neither waa there in the case of the water. 
lit is also true that what I have spoken of ao the in- 
puence of pre-existing living matter is something quite 
■Tinintelligible ; but dues anybody quite comprehend the 
.modus Qpemndi of an electric spark, which traverses a 
jjnixture of oxygen and hydrogen ? 

' What justitieaiion is there, then, for the assumption of 
[the existence in the living matter of a something which 
[lias no representative, or correlative, in the not living 
'Hiatttr wliich gave rise to it ? What better philosniihieal 
letatus haa *'vitjUity" than "aquosity"'? And why 
fchonld " vitality" hope for a better fate than the other 
•• itys" whieli buve disappeared since Martinus Scriblerus 
accounted for the operation of the meat-jack by ita 
inherent "meat-roasting quality," and scorned tlie 
" materialism " of those who exphiined the turning of the 
t«pit by a certain mechanism worked by the draught of 
tJie chimney ? 

If scientific language is to possess a definite and 
constant eignificatiou whenever it is employed, it seemb 
to me that we are logically bound to apply to the 
protoplasm, op physical basis of life, the same concep- 
tions as those which are held to he legitimate elsewhere. 
If the plia'nomena exhibited by water are its properties, 

fixe those presented by protoplasm, living or dead, its 
:rttee. 
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If the properties of water may be properly said to 
cesult from the nature and disjxjsLtion of its component 

'tnoleeules, 1 ean find no intcHigihle ground for refuaina, 
to say that the properties of protoplasm result from tni 
nature and disposition of ita molecules. ^^ 

But I bid you beware that, in accepting these concla- 
Biona, you are placing your feet on the first rung of a 
ladder which, in most people's estimation, is the reverse 
of Jacob's, and leads to the antipodes of heaven. It may 
seem a srattll thing to admit that the dull vital iictiona 
of a fungus, or a foraminifer, are the properties of their 
protoplasm, and are the dii-ect results of the nature of the 
matter of which they are composed. But if, as 1 have 
endeavoured to prove to you, their protoplasm is essen- 

Itially identical with, and most readily converted intw, 
that of any animal, I can discover no logical haltinjr- 
plaee between the admission tba,t such is the case, and 
the further concession that all vital action may, with 
equal propriety, be said to bo the result of the molecular 
forces of the protoplasm which displays it. And if so, 
it must be true, in the same sense and to the same 
extent, that the thoughts to which I am now giving 
utterance, and your thoughts regarding them, are the 
expression of molecular changes in that matter of life. ^ 
which is the source of our other vital phfeuomcna. H 

Past experience leads me to be tolerably certaJn that, 
when the propositions I have just placed before you are 
accessible to public comment and criticism, they will be 
condemned by many zealoua pei-sons, and perhaps by 
some few of the wise and thoughtful. I should not 
wonder if *' gross and brutal materialism" were the 
mildest phrase applied to them in certain quarters. 
And, most undoubtedly, the terms of the propositions aro 
distinctly materialistic. Nevertheless two things 
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certain ; the one, that I hold the statements to be 3ub-fl 
Btantially true; the other, that I, individually, am no^ 
materialist, but, on the ccBtrary, believe materialism to 
involve grave philosophical error. 

This union of materialistic terminology with the repu- 
diation of materialistic philosophy I share with some of 
tho moat thoughtful men with whom I am acquainted. 
And, when I first undertook to deliver the present 
discourse, it appeared to me to be a fitting opportunity 
to explain how such a union is not only consistent with, 
but necessitated by, sound logic. I puiposed to lead you ^J 
through the territory of vital phaenomena to the material- ^| 
L^Btic slough in which you find youraelves now plunged, ■ 
" and then to point out to you the sole path by which, in fl 
my judgment, extrication is poasible. H 

An occurruuee of which I was unaware until my ~ 
arrival here last night renders this line of argument ^ 
singularly opportune, I found in your papers t^e-^ 
eloquent address " On the Limit,a, of Philosophical 
Inquiry," which a distinguished prelate of the English 
Church delivered before the membera of the Philoso- 
phical Institution on the pre^oua day. My argument, 
also, turns upon this very point of the limits of philo- 
sophical inquiry ; and I cannot bring out my own views 
better thiin by contrasting them with those so plainly 
and, in the main, fairly stated by the Ai-chbisiiop of j 
York. . f 

But I may be permitted to make a preliminary con- _ - 
ment upon an occurrence that greatly astonished me. 
Applying the name of the *' New Philoaophy " to that 
3£timate of the limits of philosophical inquiry which I, 
in common with many other men of science, hold to be 
ju8t> the Arehbishop opens his address by identifying 
this "New Philosophy" with the Positive Philosophy of 
AL Comtc (of whom be speaks as its "founder"); and 
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then proceeds to attack that pliilosopher and his doctiini 
vigorously. 

Now, so far as t am concerned, tlie most reverend 
prelate might dijilnctieally hew M. Comte i(i pieces, as a 
modern Agag, and I should uot attempt to stay bii 
hand. In so far as my study of what specially charac- 
terises the Positive Philosophy hns led me, I find therein 
little or DOthiug of any scientific value, and a great deal 
which ia as thoroughly antagonistic to the very essence 
of science as anytliintj in ultramontane Catholicism. Jn 
fact, M. Comte 's philo.sophy in pruetice might be com' 
pendiously described as CatLoHciBm nitrnts Christianity. 
J?- But what has Comtihm to do with the " New Philo' 
sophy," as the Aichbiehop defines it in the following 
passage? 
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"L«t me briefly remind yon of the loading principlea of Ibis new 

[ilulosoiiliy. 

" All knowledge is experience of fBnta wqiiircJ by thu senses. Thn 
traditions of old«r philoaophiee havts ubi^cured aurox|)ent;ni:eLy tnixiii]! 
with it ini]ch that the senses catui'rt observe, and until tliese ndditionn 
nre ditcaided our knawled^c ia impure. Tlius nietapliyaiGS tell us that 
oii« fact which we observe is a cause, and aiiothei; la Uie effect of that 
cause; but, upun a ri^d aiialytiis, wo tinil that, our seimes obscin'u 
nothing of causa or elleut: tliey obBorve, first, thitt one fact succeeds 
a.nother, and, attpr some ojiportnnity. that thia fart haa never Jailed to 
follow — that for ryiuee and ettpr.t wp Blmnld *rnhKtit.utft invamble mic- 
ceasiou. An older philoRiiihy tewlip* us to )l»lino an ohjecl by di»i- 
tinguialiiug its esueiitial from ilt Eiccidoiital (^ualiliee: hut esperiencn 
knows nothing of eefential and accidental ; aha &ex& only that cerluiii 
marks attach to an object, and, after many obBervations, that soiue of 

^\»JJlMii nlUtch invariably, wliilat olhera may at times be absent 

I As aH knowledge in relative, the uotioc of anything \mag aweaeo^' 
I iniiat bo Lnntsbed with other truditionSk" * ^^| 

I There is much here that expresses the spirit of the 

I *' New Philosophy," if hy that term be meant the spirit 
L of modern science; but I rannot but marvel that the 
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nssombldl wisdom and learning of EtUuburgh should 
have uttered uo sign of dissent, when Comte was 
declared to be the founder of these doctrines. No one 
^vill accuse Scotchmen of habitually forgetting their 
great countrymen; but it was enough to make David 
flume turn in hia grave, that here, almost within ear- 
shot of his house, an instructed audience should have 
liBteued, without, a murmur, while hia most characteristic 
doctrines were attributed to a French writer of fifty 
years later date, in whose dreary and verbose pages we 
miss alike the vigour of thought and the exquisite clear- 
ness of style of the man wliora I make bold to term the 
most acute thinker of the eighteenth centmy — even 
though that century produced Kant. 

But I did not come to Scotland to vindicate the 
honour of one of the greatest men she has ever produced. 
My bxisiness is to point out to you that the only way of 
escape out of the crass materialism in which we just 
now lauded, is the adoption and strict working-out of 
the very principles which the Archbishop holds up to 
reprobation. 

Let us suppose that knowledge is absolute, and not 
relative, and therefore, that our conception of matter 
represents that which it really is. Let us suppose, 
further, that we do know more of cause and eifoct thau 
a ccrtam definite order of succesf-iou among facta, and 
that we have a knowledge of the necessity of that succes- 
sion — oud heuce, of necessary laws — and I, for my part, 
do not see what eacape there ia from utter materialism 
and ueccssarianism. For it is obvious that our know- 
ledge of what we call the material world is, to begin 
Bpiui, at least as certain and definite as that of the 
spiritual world, and that our acquaintance with law is o£ 
as old a date as our knowledge of spoutfineity. Further, 
1 take it to be dcmuofitrable that it is utterly impoasiblo 
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to prove that anything whatever may not be the cflFet.6 
of a material and necessary cause, aud that hamau logi^H 
is equally iiicompeteDt to prove that any acb ■! 
really B]»ontaneoa8. A really spontaneous act is one 
which, by the assumption, hus no c&nm ; and the attemp^H 
to pn)vc 8uc}i a negative as this is, on the face of l£a| 
matter, abtmrd. Aud while it is thua a philosophical 
impossibility to demonstrate that any given pha)nomenon 
is not the effect of a material cause, any one who is 
acquainted with the history of science will admit, tha^H 
its progress has, in all ages, meant, and now, more thai^' 
ever, means, the extcDBion of the province of what wc 
call matter aud causation, and the concomitant gradual 
banishment from all regions of human thought of what^ 
we call spirit and spontaneity. ^ 

I have cndeavoui'ed, iu the first part of this discourse, 
to pive you a conerption of the dir(«tion towards whicli 
modem physiology is tending ; and I ask you, what iB 
tlie ditfcreuee between the conception of life as 
product of a certain disposition of material molecule 
and the old notion of an Aichteua governing and 
reeling blind matter "within each living body, except' 
this — that here, as elsewhere, matter and law have de^J 
Voiu-ed spirit aud spontaneity ? And as sm-ely as ever^H 
future grows out of past and present, so will the phy- 
siology of the futnru gradually extend the realm 
matter and law until it is co-extensive with knowleds 
^'^"Tlrith feeling, and with action. 

The consciousnesa of this great trath weighs like 

nightmare, I believe, upon many of the best minds 

these days. They watch what they conceive to be the' 

progreea of materialism, in such fear and powerless anger 

as a savage feels, when, during an eclipse, the great 

Bhadow creeps over the face of the sun. The advancing 

tide of matter threatens to drown their souls ; the tight 
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ening grasp of law impedes their freeclom ; they aie. 
alarmed lest man's moral nature be debafiod by thoj 
increase of his wisdom. 

If the "New PhiloBopTiy" be worthy of the repro-j 
batioD with which it is visited, I confess their fears seeinJ 
to me to be well founded. While, on the contrary,' 
could David Hume be consulted, I think he would smilei 
at their perplexities, and chide them for doing even aa 
the heathen, and falling down in terror before the 
hideous idols their own hands have raisod. 

For, after all, what do we know of this terrible 
" matter," except aa a name for the unknown and hypo- ' 
thetical cause of states of our own conacicusness ? And 
what do we know of that *' spirit" over whose threatened 
extinction by matter a great lamentation is arising, like 
that which was heard at the death of Pan, except thut^ 
it is also a name for an unlmown and hypothetical cause, 
or condition, of states of consciousness ? lu other words, 1 
matter and spirit are but names for the imaginary aub- 
fitrata of groups of natural phfenomena. 

And wliat is the dire necessity and " iron" law nndt 
which men groan ? Truly, most gratuitously invented 
bugbears. I suppose if there be an "iron" law, it i&^ 
that of gravitation; and if there be a pliyaical neccasity,^ 
it is that & stone, unsupported, must fall to the ground. 
But what is all we really know, and can know, about the 
latter phaanomenon? Simply, that, in all human ex- 
perience, stones have fallen to the ground under thase j 
conditions ; that we have not the smallest reason for^ 
believing that any stone so circumstanced will not fallj 
to the ground ; and that wc have, on the contrary, eveiyj 
reason to believe that it will so fall. It is very con-I 
venicnt to indicate that all the conditions of belief havo^ 
been fulfilled in this case, by calling the statement that 
(tnsupported etones will fall to the ground, " a law of 
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nature." But when, as commonly happens, we chauge 
will into mtiM^ we introduce an. idea of necessity which 
most assuredly does not he in tlie observed facts, and 
hii3 no warraQty that I can discover elsewhere. For rai 
part, I utterly repudiate and anathematize the iDtnidt 
Fact I know ; and Law I know ; but what ia this K« 
ceasity, save an empty shadow of my own mind'a 
throvviujj ? 

But, if it ia certain that we can have no knowled* 
of the nature of either matter or spirit, anil that tl 
notion (jf necessity is something illegitiniiitely tlirus 
into the perfectly legitimate conceptioa of law, the 
materialistic position that there is nothiag in the world 
but matter, force, and necessity, ia as utterly devoid 
iuBtification as the moat baseless of theological dogr 
The fundamental doctrines of materiftUsm, like those 
spiritualism, and most other " isms," lie outside " the 
limits of philosophical inquiry," and David Hume's gre 
service to humanity is bis irrcfi-iigable demonstration oi 
what these limits are. Hume called himself a sceptic^^— 
and therefore others cannot be blamed if they apply tholH 
same title to him ; but that does not alter the fact that 
the name, with its existing implicatious, does him gi-osa^ 
injustice. ^| 

If a man asks me what tbe politics of the inhabitants 
of the moon are, and I reply that I do nut know ; ihatj 
neither I, nor any one else, have iiny means of knowing) 
and that, under these circumstance a, I decline to truubl 
myself about the subject at all, I do not think h« ha 
any right to call me a sceptic. On the contrary, in 
plying thus, I conceive that I am simply honest an( 
truthful, and show a proper regard for the economy ol 
time. So Hume's strong and subtle intclleet takes up 
a great many problpnis about which we are naUinilly 
riiiiuua, and shows ua that they are essentially qnestiui 
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of luniiT polhifs. in thoir essence ineapallo of beiaj 
answered, and th'Crefore not wortli tlie att(?iitiou of mi*i 
who Lave worlc to do in the world. And lie thus euda 
one of his essays : — ■ 

" ]f we take in hand any voliiino of Divinity, ot nchnol metaphydw, 
for iiistaDc^ lat us ask, Dom it contain aiiii nbsii-aci recifomitg cnccTiUiii/ 
^tutntilg or mtmbtT I No, Doei ii contuiii any expfriuuftital reasoning 
emctfming matter of fact and exist/mcei Na Commit it then toti 
flttUiM ; Joi it cun caiilaiji. uirtliiug ^ub sophistry aud illusion." * 



^ 



Pertnit me to enforce tills moat wise advice. "Why 
trouble ourselves about mattera of which, however im-j 
portaut they may be, we do know nothing, and cauV 
know nothing ? We live in a world which is full of 
misGiy and ignorance, and the plain duty of each onj^ 
all of us is to try to make the little corner he can in-^V 
fiuence somewhat less miserable and somewhat leas 
ignorant than it waa before he entered it. To do this 
eifectually it is necessary to be fully possessed of only , 
two beliefs : the first, that the order of nature is ascep-™ 
tainable by our faeidtiea to mx estoDt which is practically^ 
unlimited ; the second, that our volition counts for some- ^ 
thing as a condition of the course of events. H 

Each of these beliefs can be verified esperimcntally, ^ 
aa often as we like to try. Each, therefore, stands upon ^ 
the strongest foundation upon which any belief can reBb,fl^ 
and forms one of our highest tniths. If we find that^ 
the aacertainmcnt of the order of nature is facilitated 
by using one temiinology, or one set of Bynibols, rather 
than another, it is our clear duty to use the former ; and 
DO harm can accrue, so long as we bear in mind, that we| 
are dealing merely with terms and symbols. 

In itself it is of little moment whether we expresBJ 
the phaiiiomena of matter in terms of spirit ; or thoi 

* Huni«^B Eifoay "Of th>e Academical «r Soet^tival FliUuaophj," in UmJ 
*lB<iiiiiy ouacci'sia;; llio Ilituuii Uudontauiiiug." 
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plironomena of epirit, in terms of matter: mattfir may 
be regarded as a fonn of thought, thoaght may bo re- 
garded as & property of matter — each statement has a 
certain relative truth. But with a view to the progress 
of science, the materialistic tenninolugj' is in every way 
to l>e preferred. For it connects thought with the other 
phsBUomena of the universe, and suggests inquiry into 
the n*ature of those physical conditious, or concomitants 
of thought* wliich are more or less accessible to us, and 
a knowledge of which may, in future, help us to exercise 
the same kind of control over the world of thought, aa 
we already possess in respect of the material world, 
whereas, the alternative, or spiritualistic, terminology ia 
utterly barren, and Icada to nothing but obscurity aii^_ 
confusion of ideas. ^| 

Thus there can be little doubt, that the further sciouce 
advances, tho more cxtrnaivcly and cousistently will all 
the phnanomeua of nature be represented by materialistic 
formula and symbols. ^H 

But the man of science, who, forgetting the limits ^^ 
philosophical inquiry, slides from tliese forraulce and 
symbols into what is commonly understood by mate- 
rialism, Bccms to me to place himself on a level with^ 
the mathematician, who should mistake the o^'s and ^if^ 
with which ho works bis problema, for real entitiea — anif 
with this further disadvantage, as compared with th( 
mathematician, that the blunders of the latter are of 
no practical consequence, while tlie errors of systematic 
materialism may paralyse the energies and. dtatroy 
beauty of a life. 





THE SCIENTIFIC ASPECTS OF POSITIVISM. 

It is now some sixteen or seventeen years since I became 
acquainted with the " PhUosophie Positive," the " Dis- j 
cours BUT rEnaemble du Positivisme,*' aud the " Politique^B 
Positive" of Aoguste Comte. I was led to study these" 
works partly by the allusions to them in Mr. Mill's ^ 
" Logic," partly by the recommendation of a dift>^B 
tinguiehed theologia-n, and partly by the urgency of a" 
valued frieud, the late Professor Denfrey, who looked 
upon M. Comte 's bulky volumes aa a mine of wisdom, 
and lent them to me that I might dig aud be rich. 
After due pciusal, I found myself in a position to echo 
my fiiend's words, though I may have laid more stress 
on the *' mine" tlian on the " wisdom." For I found 
the veins of ore few and far between, and the rock so 
apt to run to mnd, that one incurred the risk of being ^| 
iotellcctually smothered in the working. Still, aa I^^ 
was glad to acknowledge, I did corao to a nugget here 
and there; though not, so far as my experience went^i 
in the diseuBsioiis on the philosophy of the physical i 
sciences, but in the chapters on sjieculativo and practical^ 
sociology. In these there was indeed much to aruuse] 
the livelieBt intei-cat in one whose boat had broken away 
from the old moorings, and who bad been content" to 
Uy out an anchor by the stcxtx" until daylight sbonld 
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break and tlie fog olrar. Nothing could be more mtc^ 
catiug to a student of biology than to sec the study 
of the biological sciences laid down, a? an essential part 
of tlie prolegomenEi of a new view of social phronomen* 
Nothing could be more Sfitisfactory to a worshipppr of 
the severe triitlifuhn'»,s of st^ionce than the attempt to 
dispense with all beliefs, save such as could brave tlw 
light, and acck, rather than fear, criticism ; while, to a 
lover of courage and outfipokeniiess, nothing could be 
more touching than the placid announcement on tbe 
ntle-page of the " Diecoura sur I'En&emble da Posili- 
riame," that its author proposed 

" Ki^orgnnispr, tssne Dicra ni roi, 
Fur lu cults eysttamtique de I'Huiuiinit^,*' 

the Blattered frame of modern society. 

Jii those days I knew my " Faust " pretty well, and, 
after reading this word of might, I was milidod to 
ehant the well-known stanzas of the *' Geisterchor" — 

"Weill AVeh! 
Die tchSto irelt. 
6ie atiirzt, eie terfallt 
TiVir trAgon 

Difl Triimmern ina Nichta Iiiiiiib<av 
MiiL-Vitijrer 
l^er ErJenauhnfl 
Prjioli tiger, 
IJaua eio wiwder 
lu deiQBta Busene bsue sie aiif." 

i3reat) however, wns my perplexity, not to say disai 
IJoiotmeut:, as I followed the progress of this " migb 
son of earth" in his work of reconstruction. U; 
doubtedly "Dieu" disappeared, but the "Nouve; 
Graiid-Etre Supreme," a gigantic fetish, turned out br; 
new by M. Comto's own haads, reigned in his stead.' 
.' Roi " also was not heard of; but, iu his place, 1 fouai 
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a minutely-defined social organization, whicli, if it ever 
came into practico, would exert a despotic authority 
such as no sultan lias rivalled, and no Puritan presbytery. 
in its palmiest dajrs, could hope to excel. While as for 
the "culte aysteraatique de I'Humanit^," I, in my blind- 
ness, could not distiiiguiah 'it from sheer Popery, with 
M. Comte in the chair of St Peter, and the naraoa of 
most of the saints changed. To quote "Faust" again, 
1 found myself saying with Greteheu, — 
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••Ungefahr eagt das der Pfarrer auch 
Nur mit eLa bisclieti anderu WorUiiL* 



writings 



Rightly or wrongly, thia was the impression which, all 
those years ago, the .study of M. Comte'a works left on 
my mind, combined with the conviction, which I shall 
alwoiys be thankful to him for awakeniug in me, that 
the organization of society upon a new and puiely 
ecientific basis is not only practicable, but is the only 
political object much worth fighting for. 

As I have said, that part of M. Comte's 

which deals with the philosophy of physical aciencB 

appeared to me to posscBS singuJarly little value, and 

to show that he had but the mo&t superficial, and merely 

Becond-hand, knowledge of most branches of what is 

usually uadexstood by science. 1 do not mean by this 

'merely to say that Comte was behind our present know- 

Jedge, or that he was unacquainted with the details of 

the science of his own day. No one could justly make 

such dcfccUs cause of coiuphunt in a phdosopnical writer 

of the past generation. What struck me was his want of 

•ppreheusion of the great features of science ; his strange 

mistakes as to the merits of his scientific cohteni|iorariea ; 

and his ludicrously en-oiieouauotioiia about the partwhich 

isome of the ecientific doctrines current in his time were 

destined to play in the future. With these impressions 
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in my mtDd, no one will bo surprised if I acknowledga 
that, for these sixteen years, it baa been a periodical 
source of irritation to me to find M. Comtc put forward 
as a representativo of scieotific thought ; and to observe 
tliat writers whose philosophy had its legitimate parent 
in Hume, or in themselves, were labelled "Comtists" or 
"Positiviats" by public writers, even in spite of vehe- 
ment protests to the contrary. It has cost Mr. Mill 
hard rubbings to get that label off; and i watch Mr. 
Spencer, as one rt'gards a good man struggling with 
adversity, still engaged in eluding its adhesiveness, and 
ready to tear away sldn and all, lufher than let it stick. 
My own turn might come next ; and therefore, when 
an eminent prelate the other day gave currency and 
authority to the popular coofiisjoii, I took an oppor- 
tunity of incii.kutally revindicating Hume's property in 
the so-called "New Philosophy," and, at the same tim^ 
of repudiating Comtism on my own behal£' 



^ I am glad to obsprve ttat Mr. Corcreve, in the cntipisnj wjlli wtiich 

has favoured me in the namhtst qS D\& Fartnujliily limeie fur April iaC9, dor* 
noi Ventura to chitlieitig'e the justice of theclaimlniadafor Hume. Bcmeit;!, 
Bu;^E'«'a that I hav« been wanting in iwtidoiir in not mentioning Comte'sh 
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oiiinioti of Hiune. After niatnre reflection I am nnable to dii«cern my fkiuC. 
Ill had sngjicited tha,C Com te had borrowed ftoni Hume without, aokimwleilg- 
ment ; or il'^ Insl^fid of trying to express Euy own Ecnse of Hume'B merits wiUi 
the mode«t.y which hecomea a writer whn has no anlhnrity in mnttfrB of phjliv 
■(i[>hy, E luul ulfirmed thut no one Ljul properly appreuinteu hiin,Mr.('ongT«v<ft 
vemarks would apply : but as I did aeilher of tlieie tliiajf*, they nppenr to 
me to be lirevchint, if not unjust ifiablo. And even had it occurred to me IB 
qiiot« M. Comte's e!cpr«si<ii>[iB aboat Hume, I do not know that I ebould have 
eiied tLeui, inusiniich ua, on his own showing, M. Comle occoKionnily Bpeaka 
very decidedly touchina writers of wiione works be Kaa not rtad & line. Thu^ 
in Tame VI. of the "Philoaophie Poaitive."p. 61S», M, Gomte writes: "I* 
pliu Erajid des jmjtaphysicieus modpnifls, I'illustre Kant, a. noblennent m^rW 
uiie iterti«1le admJrution eu tentant, le pramier, d'ecbapper dire(;ti>in?iit k 
I'ab^lu philoaophiquo par sk CL*l^bre couoeptioD do la doable t^it^, k ll 
fois objective el Eubjective, t^ui indlque on bI Judt« sentiment de I& uuiw 
philosoplii»." 

Bat in tlie " Franco Pieraonnelle" in the. same volume, p. 35, M. Comt* telh 
Ds :— '" Je n'&i jamalj i\x, en aucuno laii};uQ, ni Vico, ni KatM, ni Utirder,! ' 



TilfcJ THE SCIENTIFIC ASPECTS OF FOSITIFISM. 

TixQ few lines devotP-d to Comtlsm in my paper on thij 
•* Physical Basis of Life " were, in intention, strictly 
limited to these two purpoaes. But they seem to have 
given more umbrage than I intended they should, to the_ 
wllowera of M. Comte in this country, for somo of whoi 
let me observe in pasaiug, I entertain a most uufeign« 
respect ; and Mr. Congreve's recent article gives expres-j 
sion to the displeasure which I have excited amoog the 
members of the Comtian body, 

Mr. Congreve, in a peroration which seems espeeiallj 
intended to catch the attention of his reatlera, iudig'^ 
nantly challenges me to admire M. Comte's life, "to" 
deny that it has a marked character of grandeur about 
it ; and he uses some very strong language because 
show no sign of veneration for his idol. I confess I dc 
not care to occupy myself with the denigration of a msi 
who, on the whole, deserves to be spoken of with respect] 
Therefore, I shall enter into no statement of the reasons 
which lead me unhesitatingly to accept Mr. Congrcve's 
challenge, and to refuse to recognise anything wliieh do-^ 
servos the name of grandeur of character in M. Comte,™ 
unless it be his arrogance, which is undoubtedly sublime. 
All I have to observe ie, that if Mr. Congreve is justj6cd 
in saying that I speak with a tinge of contempt for his 
spiritual father, the reason for such colouring of my 
language is to be found in the fact, that, wheu I wrote, 
I hfwl but just arisen from the perusal of a work with 
which he is doubtless well acquainted, M. LitUiSa 
"Augusts Comte et la Ph-losophio Positive." hS 

Though there are tolerably fixed standards of right" 
and wrong, end even of generosity and meanness, it 

Heq*I, &e. ; jc n» ronnnis Iciirs divers oruT.igPB i]a» d'ajiriB qiielqnes RitatioBfll 
iniiirccCea et corliiina rxtmlta fort insult sun I: s.'' I 

Who knowg but thnt the "fio." may indude HoniBt And. iuUmt cut] 
vrhat u the Talu» of M. Comte's pnuse of bimt 
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may be said that the beauty, or grnn^cnr, of a life is 
more or leas a matter of taste ; and Mr. Cougreve'B 
noriona of literary excolUMice are so difTt-Tt'iit from mine 
that» it may be, we abould diverge as widely in our 
judgment of moral beauty or ugliness. Therefore, whilfl 
rctaiaing my own notions, I do not presume to quarrel 
with his. But when Mr. Codgrcve devotes a great deal 
of laboriously guarded insinuation to the endeavour to 
lead the public to believe that I have been guilty of the 
dishonesty of having eritieissed Comte without having 
read him, I must be permitted to remind him that he 
haa neglected the well-known maxim of a diplomatic 
Bagev "If you want to damage a man, you should say 
what is probable, as well as what is true." 

And when Mr. Congreve speaks of my having an a^^ 
vantage over liim in my introduction of "ChristianitjiH 
into the phrase that "M. Comte's philosophy, in praetice, 
might lie descirilied as Catholiciem minus Christianity ;" 
intending thereby to suggest that I have, by so doing, 
desired to profit Ijy an appeal to the odium tlieoloyicum, 
— he laj's himself open to a very unpleasant retort. 

"What if I were to suggest that Mr. Congreve had not 
read Comte'a works ; and that the phrase "the context 
shows that the view of the writer ranges — however 
Buperfieially — over the whole works. This is obvious 
from the mention of Catholicism," demonstrntes that 
Mr. Congreve haa no acquaintance with the "PhUosophie 
Positive '? I think the suggestion would be very unjust 
and unmannerly, and I shall not make it. Bub the fact 
remains, that this little epigram of mine, which haa bo 
greatly provoked Mr, Congreve, is neither more nor lew 
thftu a condensed parapLraso of the following paa'wgB 
which is to be found at page 344 of the fifth volume oi 
the " Philoaophie Positive -.'^ — " 

* Now And &Lwiiys I qugU the seuond edition, hj tiUrt. 
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THE SniENTIPW ASPECTS OF POSITTFISM. 

*" La spule eolution possible de ce grand probltme hiBtoriqae, qui n'a 
jARmis jm ^Ire philoaopliiqufment pos(5 jusqn'ici, consist* fi cuiiceroir, 
en sens Tartiedlemetit inverse dea rotifvna habit 11 el Im, qtu ce qui i/evait 
if^ceesairement perir amid, datis le catholidtvie, c'etait la dodri/te, et non 
tvryanisat wn, qui ti'a 6ti passBgSremenl. minM qua [mr soitc de son 
inevitable sidh(5rencQ i':l(;inontairfl il la piiilosophie lij^ologiqne, destinea 
i BDCCUiuber graduellcment snuia rirreaistible eiiiancipn.ton de la raiaon 
tiiiuiaiun; Uindis qtCttnc telle consliluf-icn, convenahlrment reconttruite 
«er dei basft inUlUcluelUs A la /oia plus clfndua et pltu stables, drvra 
fnfJemcKt presidtr a VindxipfmabU rcorffdnitcUion ^pirifiulU det 
toctetia modtrnta, Miitj Its dijferettcn ee^entiellta sponlanemcnt com- 
tpondajitea A I'extrtmf divtrsili dts doctrinrs fondameiilalts ; & moinB 
de auppoeer, ce qui serait c«rteinement contradictoire h, I'enaemble dia 
loia de itotTu nature, que lea imiiiensoa eiforts do bint de ;;ninila 
hotomw, wwoudes par la pcrsuv^ranlesolliciluiledesiialioiiacivilisees, 
JarL9 la fondntion micalairo de co chef-d'flouvTo politiqTiu de la eagesMB 
humain^, doivent ctre onfiu irr«TocabI«iiuent pcrdas pour IVlite de 
rhnmanitfi aauf lea rijaultata, capitaux maia proviaoirca, qui s'y rap- 
portaiest imimJiliatcment Cetto explication gSn^rale, diiji 6viclem- 
mcnt motivtSe pur la suita des oonsid^rationa propres 4 ce chapitrc, 
ftcni do plu8 en plue corfirniee par tout la reel* d* notre opurstina 
higtonqne, dont elU conMtiCiiera sponCanSment la principale concliiticm 
politique." 

Nothing can be clearer. Comte's ideal, as stated \>j . 
himself, is Catliollc orgaiiization without Catholic doc- 
trine, or, in other words, Catholicism minus Christianity. 
Surely it is utterly unjustifiable to ascribe to me baae 
motives for stating a man's doctrines, aa nearly as may 
be, in his own worda ! 

My readers would hardly be intfireated were I to follow ' 
Mr. Congreve any further, or I might point out that the 
fact of his not having heard me lecture is hardly a safe 
ground for his speculations as to what I do not teach. 1 
Nor do I feel called upon to give any opinion as to fl 
M. Comte's merits or demerits as regarda sociology. ™ 
Mr. MiU (whose competence to speak ou these matters 
I Buppoce will not l)e questionpd, even by Mr. Congreve) 
has dealt with M. Coiutc's philosophy from this point of 
view, with a vigour and authority to which I cannot foi 



a moment aspire ; ant! with a Beverity, not nnfrequentl 

amounting to contempt which I have not the wish, if, 
had the power, to surpass. I, as a mere student in these 
questions, am content to abide by Mr. Mill's jutlfpnent 
until some one shows cause for lis reversal, ami I doelin^ 
to enter into a discussion vrhicli 1 Iiiive not provoked. ^| 

The sole obligation which lies upon me is to justify so 
much as still remains without justification of what I 
have written respecting Positiviara — namely, the opiuion 
expressed in the foUowing paragraph :— 

"In so far as my rtutly of what apeciallj cbamctorUea tlio Poeitm 
Pliilosaphy lias led me, I fiml therein littlo or nothing of any ecicnlific 
valiia, and a great denl which ia aa tharanj^lily antagonistic ta tha very 
«&%nc« of eciunce as BuythiiLS in ultramonUme CfttUolicUm," 

Here ai'e two propositions: the first, that the "PI 
losophie Positive" contains little or nothing of any 
scientific value ; the second, that Comtism is, in spirit, 
anti-scientific. I shall endeavoui to to-iug forward ample 
evidence in support of both. jfl 

I. No one wlio possesses even a superficial aequnln^* 
anee with physical science can road Comte's "Lgjoiis" 
without becoming aware that he was at once singularly 
devoid of real knowledge on these subjects, and singu- 
larly unlucky. What is to be thought of the contem- 
porary of Young and of Fresnel, who never misses 
an. opportunity of casting scorn upon the hypothesis 
of an ether — the fundamental basis not only of the 
undulatoiy theory of light, but of so much else in 
modern physics — and whose contempt for the intellect* 
of some of the strongest men of his generation was such, 
that he puts forward the mere existence of night as a 
refutation of the undulatory theory 1* What a won- 
derful gau^e of hia own value a.=i a scientific critic docs 
be afford, by whom we are informed that phrenology ig 

> "Philosophie Positive," ii p. 440, 
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ft great science, and psychology a chlmrera ; that Gall 
was oue of the groat men of bis age, and that Cuvier 
was ** brilliant but superficial"!* How unlucky must 
one consider the bold specuLitor who, just before the 
dawn of modem histology — which is simply the appli- 
cation of the microscope to anatomy — reproves what ho 
calls " the abuse of microscopic investigations," and " tlie 
exaggerated credit" attached to them; who, when the 
morphological unifonpity of the tissues of the great 
majority of plants and animals was on the eve of being 
demonstrated, treated "with ridicul« those who attempt 
to refer all tissues to » "tisau gen^rateur," formed by 
"le chim^rique et inintclligiblo assemblage d'uno eorte 
de monadea organiqucs, qui soraient dfes lors lea vrais 
fiiementa primordiaux de tout corps vivant ; " ^ and who 
finally tells us, that all the objections against a Knear 
arrangement of the species of living beings are in their 
essence foolish, and that the order of the aoinial serica is 
** necessarily linear,"* when the exact contrary is one of 
, the l>eat eptabllBhed and the most important truths of 
zoology. Appeal to mathematicians, astronomers, phyai* 
cists,* chemists, biologists, about the "Philosophie Posi- 
tive," and they all, with one consenti begin to make 
Eroteatation that, whatever M. Comte'a other merits, ho 
as shed no light upon the philosophy of their porticuUr 
studies. 

To be just, however, it must be admitted that even 
M. Cotnte's most ai-dent disciples are content to be 
judiciously silent about his knowledge or appreiuation of 

t "IiB bneluit niftii superficiel Ciirier."— i*hito»(»pfc« Foniiat, ¥i. p. 383. 

■ tPliilosophie Positive," iii. p. 3e9. » Ibid. p. 387. 

Hear tli« lute Dr. WheweU, ■who call* Camte "« ahHitow nretender." so 

'as all the inudem ficiencet, except ual.roitoniy, ore concemea, and U'llit tu 
br " hta prctensiuus tu disajveru^ ore, iis 8ir John Heradiel Ijiu shown, 
thatrdly ^laoiouEk" — "ComU uul foailirbin.*' Maomitlofn'* Magamnt^ 
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the flcicncca tKemsfflvcs, anr! prefer to base their master's 
claims to scientific authority upoa his "law of the 
three states," and his " classification of tho sciencea" 
But here, also, I must join issue with them as completely 
as others — notably Mr. Ilcrbert Spencer — have dona 
before mo. A critical examination of what M. Comte 
has to say about tho " law of the three states " brings out 
nothing but a series of more or less contrulietoiy state- 
ments of an imperfectly apprehended truth ; and his " clas- 
sification of the sciences,' whetlier regarded historicali]^ 
or logically, is, in my judgment, absolutely worthlesa ^ 

Let us consider the law of "the three states" as it 
is pat before ua in the opening of the first Legon of 
the "Philosophic Positive:" — 

* En ^tudiant ainsi Ic diveloppomcnt total do rinteltigcnce hnnwunc 
dans fiB3 divoraoa sphJirea d'scbivit^ depuia son premier easor le plui 
simple jiieqii'i noa juurs, ja croU avoir di'cnuvert una grande loi 
foudamontalQ, ii laqiielle 11 est assujetti par une ni^cesaiLe iavuri.ibl«, et 
qui me Bomble pouvoir elre eolidemetit titnblifi, Boit eur les preuvos 
ntioni>UBg founiies par la coiinaisanDCB de tiotre orj^imisalion, soit sut 
lea viiriticatiouB liiaUiriques rusuluiit d'uu exam«n attaotif du paea^ 
Cette loi coneiate en ce que chacuce de nos conceptioiiB priucipalea, 
chaque brauche de no3 connaisaaDCea, passe sticcessivemeot par truis 
^tata thetjrii|ue9 diff^renti ; V^tnt tiifoIogi(|ue, on fictif; I'titat m^ta- 
phjaque, ou abstrait ; I'etat eui«ntili({ue, ou poaitif, En d'antpcs 
tonnes, I'esprit humain, par sa nature, emploie auoceBsivemeDi dana 
fshacuno da ses rechorcJiea trois niotbodeB de philosopher, doot U 
■M eBt fgtmtifUfment difcretil H memt radUalirmfn-t oppoaii; 
d'almnl I» irir'thndfl thiWi^gique, ciisiiitH \a. m^thi«le nit^taph^Biquc, el 
Bnfin l;i nii'Ihoitu pcigitivo. De Ifi. Irois wirtea de philoaophie, ou de 
■yaUnwjs gL'nuraux do concopLioiie siir reijs-Hrable d»a phi!'iioio&ne8 yut 
t'exclii-cnt muUidltment ; lapremitre est le point dc depart nuceseaitedo 
I'intolli^Bnce humaine ; la tToisi^ine, son 6tat fixe 6t defiuitif ; laeecondo 
eat uniquiiiucut diislinijs a s^rvir do transiuon." ^ 

Nothing can be more precise than these statementa, 
which may be put into the following propositions:- ~ 
(a) The human intellect is subjected to tho I 

* " PJiitosoiiMe Poailiye," i. pp. 8, % 
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an invjiriable necessity, wliich is demonatrable, d pnort, 
from the nature and constitution of the intellect; 
while, as a matter of historical fact, the human in- 
tellect hjis been subjected to the law. 

(6) Every branch of human knowledge passes through 
the three states, necessarily beginning with the firet 
stage 

(c) The three states mntually exclude one another, 
being essentially different, and even radically opposed. 

Two qucstiona present themselves. Is M. Comte 
consistent with himself in making these assertions? 
And is he consistent with fact ? I reply to both 
questions in the negative ; and, as regards the first, 
I bring forward as my witness a remaikable passage 
which is to be found in the foiu-th volume of the 
" Philosophie Positive" (p. 491), when M. Comte had 
had time tfl think out, a little more fully, the notiona i 
crudely stated in the first volume : — ■ 

•' A prwjtrtimeiit parler, la piilosophie tliijoIogiqHe, m^Tno dana not™ 
premiere onfanw, iadividnelle ou aotiale, n's jamais pu ctre rigom'eu9&- 
mfint univerBcUe, c'est-i-dire que, pour lea ordi-cs quelconquea d« 
ph^nom^iidB, Its faiU Ut pitta simpleg, et Us plia communs ont Caiij'tnirt 
iti regardfa eomme eumtif-Keme^t agKujettii k. des lain nature/let, an lieu 
d'ttre aUribuca i VaTiiitratTe votonti des agaUs titmaturete. L'illuBtro 
Adam SmiUi n, pnr cxcmple, trcs-heurcustitupnt roinarque dans b«8 
ea«is philosopbiqiioa, qu'on no trouvait, «ii aiicun temps ni en anciin 
paji, un dieu pour la pesantour. It en est ainei, en genh'a!, mSme d 
rtgard df* itnjela /eg ptun wvtptlqxts, enter* tma ks pfilnomene* «jw« 
&imntlairt» rt asses Jawiiliert pimr que la piir/ailt itivariabilite <£» 
fniri rtUiliont tffectlues ait loi'joura tfi /rapjicr tjMiUnuimeiU Cobaer- 
taUur U moina prcpari. DaiiB I'ordro moral et fwoinl, qii'une Tainfl 
opponlion voudrait aujourd'hui syelc'riiatiiinemoiit iiitardiro k la phl> 
loMphie positive, il y a eu nucessairGtnen^ en wut temps, la pens^ 
d<Hj lam nuttirelles, riilabiveDieiit aux pliiR ttimpli^a phi5no<tif'iie« de Ik 
via joiinitiliftre, comtna I'exigo evidumment la condnito Kaiiti-ralo de 
noira i>xisl«ii<.'« rcelle, iinlividitelle nii so'iitlo, qiii n'aiirail pu JuiiiHia 
Gompurtci BUcune prevoytuic« ijuckoiiqiiQ, si tuus k's p)i4iioaier«a 
hiimaiiia avaient iti rigourousement altribuaai k dca agonU snrnatiiTil', 
puisque d^B lors la pri^ autatt logiquenient cooBliluS la stmle ie» 



4 

1 

I 




168 -Ur SSRUOSS, JDDRSSSSS, Aim B£nsW3. 

tcmna imanrinablo ponr influcr etir le conn batnhwl 4m aetii 
hmuoiacA. Or doit mime remaiiiarT, Jk ee »ujH, que c*ett, aw tmU. 
Febaucke *j)Otitaiiee itet jmmirat toU naiuftiitt propm amx acU» indC 
i-idutU ou iociaux qaiyfiaivmaU tnm^tortie A (otw U»pKifumtinBi d* 
mande atirUvr, a ^niimtfaurmit faprit noc ex:ptiealioM prieSdentft, le- 
waiprindpe /imdamemtatdelapkitotofMttkiolcffiqua. AinMj Ugermt 
mmeMaire de la phitamphie potkife mi certainemuU totU auut prinittf 
at* /ouii qtif ctlvi da la pUfoMpAw lAioiagi^fte elle-mbiK, quoi qaii n'ait 
jm m dintfrpper gue hecattoap jAtu lard. Uiw t«Ue Dotioa import* 
extr€m«inflnt k U parfait« ntionalite de notm thtorie socioto^qoe, puis- 
qu« k vi« hum»ii« no pouvaat ja^nus offrii aucone veritable oration 
qu«lconqiie, maia toujours una simple Evolution graduelle, L'essor final 
(Ib I'mt^irit positif deTieodrait BciontifiqtieRient inoompr^hensible, ri, 
dia I'ort^ne, OD n'en concevAit, k toiu iSgvds, l&s prvnuers rudiment* 
n^ca<«a.ircii. Depuia cdtto Bituntion primitive, k meaure que uim 
obaeivations se e/iat spontftQ^ment ^tendaea et g^oeraUaees, cat e&^or, 
d'ftlKird k peine appreciable, a constamment mivi, sans cesser long- 
temp» d'etre enlmltwrne, une progressioa tres-Iunte, niftie ountinue, U 
ptilosojjhis tilted iotjiiiiie restant tDujours rt'^ervee pour lea pli^Dotii^ne^ 
d« moins on moitis nombri'ux, duat Iqb loin atilurtfUea tie poiivaiei)ji^| 
encon; etie aucuueiaeut coaDuus." ^| 

Compare the propositions implicitly laid down here 
with tliose contained in tlie earlier volume, (a) Aa 
a matter of fact, the human intellect has not bee^_ 
iuvariahl}' Bubjected to the law of the three stated^ 
and therefore the ncceeaity of the law cannot be 
demonstrable d priori {!>) Much of our knowledge— 
of all kinds has not passed through the three 8ta.te^| 
and more particularly, as M. Comte is careful to point 
out, not mrough the first, (c) The positive state baa 
more or less co-existed with the theological, irora the 
dawn of human intelligence. And, by way of cot 
pieting the series of contradictions, the aasertion 
the three states are " essentially different and ev( 
radically opposed," is met a little lower on the same" 
page by the declaration that " the metaphysical sUite 
IS, at bottom, nothing but a simple general modification 
of the first ;'* while, in the fortieth Le9on, as also in the 
interuatuig early e&say entitled ** Considuratious phU(>' 
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sophiquca sur les Sciences et lea Savaota (iSSi))" tl 
three states are practically reduced to two. " Le %'di 
table esprit gdndral de toute pliilosophie thdologiqw 
ou mi5taphyBique consiste k prendre pour principe, dans 
I'cxplication des phtfnomfenea du monde est^rieur, notre 
sentiment immodiat dea ph^nomSoes humainea ; tandis 
que an contraire, la phUoaophie positive est toujours 
Cftract<Sriflfie, non inoins profonddmont, par la subordinii 
tioD n^cessaire et rationuellc de la conception de I'Loi 
^ celle du monde." * 

I leave M. Comte's disciples to settle which of 
contradictory stateraeiits expresses tbi^ir master'a real 
meaning. All I beg leave to remaik is, that men of 
science are not in the habit of paying muuh attention^ 
to ** laws " stated in this fojabiuu, ^ 

The second statement is undoubtedly far more ratiooal 
and consistent with fact than the first ; but I ciuinot 
think it is a just or adeq^uate account of the growth 
of intelligence, either in the individual man, or iu the 
human species. Any one who will earcfully watch the 
deveiopmeut of the intellect of a child will perceive 
that, from the first, ita mind la mirroring nntui'e in two 
different ways. On the one band, it is merely drinking 
in sensations and building up associations, while it forma 
eonceptions of things and their relations which are more 
thorougidy " positive," or devoid of entanglement with 
hypotheses of any kind, than they will ever be in al'tor- 
life. No child has recoui'se to icaaginary personifications 
in order to account for the ordinary properties of objects^ 
which are not alive, or do not represent living things. Itf^j 
does not imagine that the taste of sugar is brought about 
by & god of sweetness, or that a spirit of jumping causes 
a ball to bouud. Such pheenoraena, which form the basis 
of a very laxge part of its ideas, are taken oa niattera 

' "Philoaophio Posilive," iiL p. IflS. .,,1 
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of conrso — as ultimate facta which sn^est no difficulty 
and need no explauatioa . So far as aU these common, 
though important, phenomena are concerned, the child's 
mind is in what M. Comte would coll the " positivfl 
state. 

But, side by side with this mental condition, thcrc riaes 
another. The child becomes nware of itself as a source 
of action and a subject of passion and of though! The 
acta which follow upon ita own deairca are among the 
most interesting and prominent of surrounding occur- 
rences ; and these acts, again, plainly arise cither out of 
affections caused l^ surrounding things or of other 
chauges in it^ult Among these surroundjng things, the 
most interesting and important are mother and father, 
brethren and nurses. The hypothesis that these won- 
derful creatures are of like nature to itself is speedily 
forced upon the child's mind ; and this primitive piece 
of anthropomorphism turns out to be a highly successful 
speculation, which finds its juptification at every turn. 
No wonder, then, that it is extended to other similarly 
interesting objects which are not too unlike these — to 
the dog, the cat, and the canary, the doll, the toy, and 
the picture-book — that these are endowed with wills and 
affections, and with capacities for being " good " and 
" naughty." But surely it would be a mere perversion of 
languiigu to call this a " theological " state of mind, either 
in the proper sense of the word "theological," or as con- 
trasted with "scientific" or "positive." The child does 
not woLship either father or mother, dog or doll. On 
the contra^, nothing is more curious than the absolute 
irrcverenee, if I may so say, of a kiudly-treated young 
child ; ite tendency to believe in itself as the ceutry_ 
of tlie universe, and its disposition to exercise despotil 
tyranny over those who could crush it with a finger. 

btiU letjs is there auything unscieutiiiej or auti~acicitti£ 
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in this infantile anthropomorphism. The child obaervi 
that many pha-uomeua are the consequences of affections 
of itself ; it soon has excellent reasons for the belief 
that many other phiicaomeua are coneequenccs of tb^H 
affections of other beings, more or leas like itself And 
haviog thus good evidence for belie\'iug that many of 
the most interesting occurrences about it are explicabl 
on the hypothesis that they are the work of intelligeoc 
like itself — having discovered a vera causa for many' 
phienomcna^ — why should the child limit the application 
of 80 fruitful an hypothesis ? The dog has a sort of 
intelligence, so as the cat; why should not the doll 
and the picture-book also have a share, proportioned 
to their likeness to intelhgent things? 

The only Umit which does arise is exactly that which 
as a matter of science, should arise ; that is to say, thi 
anthropomorphic interpretation is applied only to those 
phjcnomena which, in their general nature, or their 
apparent capriciousiiess. resemble those which the childB 
observes to be caused ijy itself, or by beings like itself. " 
All the rest are regarded as things which explain them- i 
selves, or ars inexplicable. fl 

It is only at a later stage of intollectaal development^ 
that the intelligence of man awakes to the apparent 
con6ict between the anthropomorphic, and what I mays 
call the physical,^ aspect of nature, and either endeavoura 
to extend the anthropomorphic view over the whole of 
nature — which is the tendency of theology ; or to give 
the same exclusive predominance to the physical view 
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' Tbe word " im'Uivo " \» m every wny objectJoniible. Tn one jk^bs it 
•Dggeeta that lUdnUb] qiialily which wits uiidnubUMUy liirgcly develiqiec] in 

ntiforbiiniito in if; opplicAtiun U> a sy^sWm vhicli stiu-Ls with enomiua» ncgo- ^ 
tiiHis ; in its thirij, oud afiecinlly pliilortoiiliirail iiinnv, m iniplyiiii: ft rjbIwu of 
UiiiUf^t whi;:li aatiutiies nulliin^ beji^nJ the co-mcni of observi-il iaOM, il 
teplwB that wliich never did exist, and aer?er will 



wnicli is the tendency of seieuce ; or axlopta a middle 
coui^e, and taking from the authropomorphic view iti 
tendency to pcreonify, and from the physical view its 
tendency to exclude volition and affection, ends in what 
M. Comte calls the " mctaphyaical " state — "metaphy- 
Bical," in M. Comte's writings, being a general term of 
abuse for anything he does not like. ^fl 

What is true of the individual is, mutatis murandu^ 
true of the intellectual development of the spocica. It 
is absurd to say of men in a state of primitive savagery, 
that all their conccptioaa are in a theological slate. 
Nine-tenths of them are eminently realistic, and as 
"positive" as ignorance and narrowness can make them. 
It uo more occurs to a savage than it docs to a child, 
to ask the why of the daily and oi-dinary occurrences 
which form the greater part of his mental life. But 
in regard to the more atriking, or out-of-the-way, events, 
which force him to speculate, he is highly anthropo- 
morphic ; and, aa compared with a child, his anthropo- 
morphism is complicated by the intense imprcsaioa^ 
which the death of his own kind makes upon hinlH 
as indeed it well may. The warrior, full of ferocioua 
energy, perhaps tlie despotic chief of bis tribe, 11 
suddenly struck down. A child may insult the nu^H 
a moment before so awful ; a fly rests, undisturbed, on 
the lips from which undisputed command issued. And 
yet the bodily aspect of the man seenia hardly more 
altered than when he slept, and, sleeping, seemed to 
himself to leave his body and wander through dieam- 
land. What then if that something, which is the essence 
of the man, has really been made to wander by thti 
violence done to it, and is unable, or has forgotten^^ 
to come back to its shell 7 Will it not retain som^f 
what of the powers it possessed during life ? May 
it 2u>t help us if it be plca&ed, ot (as seems to 
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\sj far the more genera] impression) hurt us if it te 
angered? Will it not be well to do towards it those 
things which would ha 79 eoothcd the man and put 
him ia good humour during his life? It is impossible 
to study trustworthy aceounta of savage thought with- 
out seeing that some such train of ideas as taU lies at 
the bottom of their epeculative beliefs. 

There are savages without God, in any proper sense 
of the word, but none without ghosts, Ana the Fetish- 
ism, Ancestor-worship, Hero-worahip, and Demonology 
of primitive savagoa, are all, I believe, different mannora 
of expression of their belief in ghoBta, and of the 
anthropomorpliic interpretation of out-of-the-way events, 
which is its concomitant. Witchcraft and sorcery are 
the practical expressions of these boliefs; and they 
stand in the same relation to religious woi-ship as the 
simple anthropomorphism of children, or savages, does 
to theology. 

In the progress of the species from savagoiy to 
advanced civilization, anthropomorphism grows into 
theology, while physicism (if I may so call it) develops 
into science ; but the development of the two is con- 
temporaneous, not succeasivc. For each, there long 
exists an assured province which ia not invaded by 
the other ; while, between the two, lies a debatoable land, 
ruled by a sort of bastards, who owe their complexion 
to pliysieism and their substance to anthropomorphism, 
ana are M. Comte's particular aversions — metaphysical 
entities. 

But, as the ages lengthen, the borders of Phyaicisra 
increase. The territories of the bastards are all annexed 
to science ; and even Theology, in her purer forms, 
has ceased to bo anthropomorphic, however alio may 
talk Anthropomorphism has taken stand in its last 
fortress — man himself But science closely invents the 
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walls; and FhUosopbcre f^ tbcms«lTc3 for bottle 
npou the last and greatest of all speculative problems— 
iKies boman natiire possess any free, volitional, or truly 
anthropomorphic element, or is it only the cunningest 
of all Nature's clocks? Some, among whom I count 
myself, think that the battle will for ever remain % 
drawn one, and that, for all practiced purposes, this result 
ia as good as anthropomorphism winning the day. 

The classification of the sciences, which, in the eyes 
of M. Comte's adherenta, constitutes his second great 
claim to the dignity of a scieutilic philosopher, appears 
to me to be open to jnst the same objeeCioos vm the 
law of the three states. It is inconsistent in itself, and 
it is inconsistent with fact. Let us consider the mai|^ 
points of this classification successively : — ^^ 

" II f>nt (IiMlm^cr par rapport ft touB les ordres des pli^nom^net, 
deuz genres ds eckiices nntunillea ; lea unea abstraites, g^ndralea, ont 
poor objet Ift dvcouverl« des I^ie qui regUaeat its divcrsea classes de 
phdnomJiiira, en cODsitli-raiit tons Ics cas (jti'on peut concevoir; 1«b 
aulres oonurj'les, psrticuli^res, deBcriptiv<?s, et qu'on desire qaelquefaia 
eoQS lo nom doB scioaceei Daturellee proprcraeut dit&s, c«iisistent duia 
I'appHc-ation de cea luis Jt I'hiataire efTcctive dcs diflcniiliS etiw 
cxiHtAnts." 1 ^m 

The "abstract" sciences are subsequently said to B^ 
matliematLes, astronomy, physics, chemistry, physiol<^, 
and social physics — the titles of tho two latter beiuw 
subsequently changed to biology and sociology'. Sf. 
Gomte exemplifies the distinction between his abstract 
and his concrete sciences as follows :— ^1 

" On pouTTn d'libord ]'apere«voir Ir^s-nettenient en compnrant, d""^^ 
part, k phj-aialojpe gdn^ralo, et d'une autra part \\ Kuolo^He ftl la 
iwLatiKiiiii propTemo-it dites. Co Huut 6videnirtifnt, en etl'et, deun 
Invikiu d'liu carAct^ru Un% cJistinct. (^uo d'«tudieir, en {(utiura), lea luia 
do 111 vii', nil do di'tBnnineir lo mode d^xistunco dc chai]ua corps vivaiit, 
m porticulior. CtUe iecofde etude, en ouire, est aSctisitircmeitl /tmtiii 

■ la ptcmHn,"—}*. 67. 

> "PhUosopUe PosiiiTB," t p. W 
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All the unreality and mere bookiabncaa of M. Comtc'a 
knowledge of jjbysicnl science comes out in the passage^ 
I have italicised. " The special study of living beings 
is baaed upon a general study of tbo laws of lifel"] 
What little I know about the matter lesida me to tbinl 
that, if M. Comte had possessed the slightest practicall 
acquaintance with biological science, he would haveJ 
turned hia phraseology upsitle down, and have perceived] 
that we can have no koowledgi; of the general laws] 
of life, except that which ia based upon the study of 
particular living beings. 

The illustration is surely unluckily chosen ; but thoJ 
language in whicb these so-called abstract sciences arei 
defined seems to me to bo still more open to criticism, i 
WitJi what propriety can astronomy, or physics, oi i 
chemistry, or biology, be said to occupy themselves 
with the consideration of "all conceivable cases" which 
fall within their respective provinces ? Does the aa- 
tronomer occupy himself with any other system of the^ 
universe than that which ia visible to him % Does h« 
speculate upon the possible movements of bodies whichj 
may attract one another in the inverse proportion of the 
cube of their distances, say ? Does biology, whether^ 
"abstract" or "concrete," occupy itself with any other 
form of life than those which exist, or have existed ' 
And, if the abstract sciences embrace all conceivable 
cases of the operation uf the laws with which tlieyi 
ore concerned, would not they, necessarily, embrace tliu 
subjects of the concrete sciences, which, inasmuch aa 
they exist, must needs be cojiceivable ? In fiict, no such 
distinction as that whicli M. Comte draws is tenable. 
The first 8t(^ge of his clx'ssilication breaks by its owttj 
weight 

But granting M. Comte hia six abstract sciences, hfi 
jtrocec^B to an-angc them according to what ho 
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their natural order or hierarchy, their places in this 
hierarchy bcin.^ detennincd by the degree of generality 
and eimplicity of the conceptions with which tbcy 
deaL Mathematics occupies the firsts agtranomy tlie 
second, physics the third, chemistry the fourth, biolocy 
the fifth, and sociology the sixth and last place in toa 
series. M. Comte'a arguments in. favour of this clasti- 
fication are first— 

* Sa conformity esMiirtnTfe aveu la eo-orJInation, en quelqua n* 
upontftDee, qui m trouvie t:a eSat implkiteiii'eut admisapat lea MTUitl 
livi'us i I'ctudfi doa diverse bmnchca de U pliilosopliia natorollo." 

But I absolutely deny the existence of this confonnit^ 
If there is one thing clear about the progress of modern 
science, it is the tendency to reduce all scientific 
problems, except those which axe purely mathematical, 
to questions of molecular physics — that is to say, to 
the attractions, repulsions, motions, and co-ordination 
of the ultimate paiticlcs of matter. Social pha?noniena 
oro the rcsidt of the inreraction of the components of 
society, or men, with one another and the surroundintj 
universe. But, in the language of physical science 
which, uy the nature of the case, is materialistic, the 
actions of men, so far ns they are recognisable by 
science, are the results of molecular changes in the 
ma-ter of which they are composed ; and, in the lone 
run, thtise must come into tho hands of tho pbyaiclal 
A fortiori, tho phajnomena of biology and of chemistry 
are, in. their ultimate analysis, questions of molecular 
physics. Indeed, the fact is acknowledged by all 
chemists and biologists who look beyond their imme- 
diate occupations. And it is to be observed, that tho 
phsenomcna of biology are aa directly and immediately con- 
nected with molecular physics as are those of chemistry. 
Molar physics, chemistry, and biology are not thcos 
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Buccej^sive etpps in tie ladrler of knowledge, as M. 
Comtre would have uh believe, Ijufc three branches 
sprio^nng from the common stem of molecular physica. 

As to astronomy, I am at a loss to nnderstand how 
any one who will give a moment's attention to the 
nature of the science can fail to see that it consists of 
two parta : first, of a deBcription of the phsenomena, 
which is as much entitled as descriptive zoology, or 
botany, is, to the name of natural history ; and, secondly, 
of an explanation of the phfenomena, fumiahed by the 
laws of a force — gravitation — the study of which is as 
much a part of physics, && is that of heat, or electricity. 
It would he just as reaaonahle to malce the study of 
the heat of the sun a science preliminary to the rest 
of thermotics, as to place the study of the attraction of 
the bodies, which compose the universe in geDcrai, 
before that of the particular terrestrial bodies, which 
alone we can experimentally know. Astronomy, in fact, 
owe? its perfection to the circumstance that it is the 
only branch of natural history, the phaenoraena of which 
are largely expressible by mathematical conceptions, 
oad which can be, to a great extent, explained by the 
application of vciy simple physical laws. 

With regard to mathematics, it is to be obsorred, in 
the first place, tliat M. Comte mixes up under that 
head the pure relations of space and of quantity, which 
aro properly included under the name, with rational 
mechanics and statics,^ which ai'e mathematica! deve- 
lopments of the most gcuei-al conceptions of physics, 
namely, the notions of fuiee and of motion. Kelegating 
these to their proper place iu physics, we have left pure 
mathematics, which ctin stand neither at the head, nor 
at the tail, of any hierarchy of the sciences, since, like 
logic, it is equally related to all ; though the enormous 
practical didiculty of applying matlicmutics to the mum 
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Romplex phrenomena of nature removes them, for tha 
present, out of ita sphere. 

Od this suljject of mntliematics, again, M. Corota 
indulges in assertions which can only be accounted for 
by his total ignorauco of physical science practically. 
A* for example : — 

"C'wt done ]fxt r£tude 4c0 Diaili'^iiinticpics, H HulfmaU par rf/f. 
que I'on peut so iAire una idt-u juetc ot apptofoudio dc ce quo c'rtt 
■lu'une acitfice. C'est ii vmifuvmeni qu'on doit cherelier k cooiiBlUe 
*V«C pc^cisioii la mctJwdir ffh-erdle qtu; fetprit httmain emphit coniUm- 
ment dang tmttet v* rtchaxiut jimirifrg, jinrco qiic nuDe pnrt aillean 
[1m qiicHtions U9 sunt rv!'«ulu'.'s cj'utiu innni^re Bueai compile at !«■ 
deductions prolonj^ea aussi loin av«c nno K6v6ntA rigourcuse. fjeti 
Ik 4;;alGiU(^nt quo notro enteni{om«nb a donTii^ lea plus }<raiides prouvn! 
de BA fiii'ce, paice que Ipb idt^es qu'il y coiiaid^re w>nt du plus haul 
ilcyr^ d'ii!is1rattiiin jHiMible liaiis ronlre iii>silif. Tnutt fdujtatmi 
n/ncndjiyue qui ne commcaic point par une telle itu.de pidtt danc 
wwojittit ^r ta bate." * 

That iB to say, the only study which can confer "a ]ns 
and comprehensive iJoa of what is meant by science," 
aud, at tlic Bfime time, furnish an exact conception of 
the general method of scientific investigation, is tlrnt 
which knows nothing of observation, nothing of espei"!- 
ment, nothing of induction, nothing of causation 1 And 
education, tiie whole secret of which consists in proceed- 
ing from the easy to the difficult, the concrete to tiie 
abstract, ought to be turned the other way, and pa*-' 
from tlic abstract to the concreto. 

M. Comte puts a second argument in favour of 
tierarchy of the si:;ieiieeB thus,: — 

•*Uii BGCoiid caract^re trfes-esaentiel de nilre cWsificjvtjnn, i^e'l 
d'etre utu^BBoiiitnietib f:on(ow\ti k I'ovdte etfectii du ddvcloppouical il° 
b philuBuphio naturetta. C'nat uu i|ue vcntio tout oe qa'on sail de 

I'hietoite ana acmaa&i."* 

Hut Mr. Spencer has so thoroughly and completely 
domousti'ated the abBcnce of any correspondence betwtfiH 
' "rhaoMphie PaBiUv< i p. 99. ■ Ibid, i. p. 7; 
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the Iiistorical development of the Bciececs, and their 
position in the Comtcan hierarchy, in his essay on the 
"Genesis of Science," that I shall Dot waste time in 
repeating his refutation, 

A third proposition in support of the Comtean classi- 
I ficatiou of the sciences stands aa follows: — 

\ "En trr»i8i6ir« litu cetlo clBBsificntion pr^cnte la propriety tr^ 
rerniirntialile tJu rnartjucr oxncteraent la pcrfectiou relative des diffiS- 
rriiites edi'iicee, ]nqu>oll3 consisto CBSonLielleirHint duns lo duj^ro de 
prt^isinn des uottnniaeiiiices et dan? leui co-ordiaatiou plus ou uioiiis 
iulima."* 

I am quite imablo to itndctstand the distinction which 
M. ComtG eudeavoura to draw in this passage in spite 
of his amplifications further on. Every science must 
consist of precise knowledge, and that knowledge must 
be co-ordinated into general proportions, or it is not 
science. When M. Comte, in esemplification of the 
statement I have cited, says that " les phdnomfenea 
organiquca ne comportent qu'une etude ^ la fois moina 
esacte et moina syst^matique que lea phi^nora&ncs dea 
corps bruta " 1 am at a loaa to comprehend vhat ho 
means. If I alhrm that "when a motor uex-ve is irri- 
t4ited, the muscle connected with it becomes simultane- 
ously shorter and thicker, without changing its volume," 
' it appears to me that the statement is as precise or exact 
(ana not merely as true) as that of the physicist who 
nhould say, that "wlicn a piece of iron is healed, it 
becomes simultaneously lontjor and thicker and incrcasca 
in volume ;" nor can I discover any ditfercnce, in point 
of preeision, between the statement of the morphological 
law that "animals which suckle their young have two 
oceipifjil condyles," and the enunciation of the physical 
law that ** water snhjected to electrolysis is replaced by 
an equal weight of the gases, oxygen and hydrogen." 
» "Fiiilowphie Positive,'! p. 78 
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As for anatomical or physiological invostigation being 
lesa "systematic" than that of the physicist or chcmut, 
the assertion is sLniply unaccountable The methods of 
physical science are everywhere the same in principle, 
ana tJie physiological investigator who was not "sys- 
tematic " would^ on the whole, Lnyik down rather sooni 
than the inquirer into simpler siibjettji. 

Thu5 M. G^mtc's classification of the sciences, und 
all its aspects, appears to mo to bo a complete failure. 
It is impossible, in an article whi<:h is already too long, 
to inquire how it may be replaced by a better ; and it is 
the less necessary to do so, as a second edition of Mr. 
Spencer's rero.irkable essay on this subject has just beeu 
published. After wading through pages of the long- 
winded confusion and second-hand inf rmation of the 
"Pbilosophie Positive," at the risk of a crise ccrBhrale— 
it ia as good as a shower-bath to turn to the "Classi- 
fication of the SeleBces," and refresh oneself with Mr. 
Spencer's profound thought, precise knowledge, and cleat 
language. 

li. The second proposition to which I have committal 
myself, in the paper to which I have been obliged to 
refer so often, is, that the "Positive Philosophy" coataina 
"a great deal which is as thoroughly antagonistic to 
very essence of science as is anything in ultramcn 
Ciitholicism."* 

What I refer to in these words, is, on the one hand 
the dogm.itiam and narrowness which so often mark 
M. Comtc'a discussion of doctrines which he does not 
like, and reduce his exi)reasions of opinion to meru 
piifisionate puerilities ; as, for example, when he is 
a.rguing against the assumption of an ether, or when 
lie ia tiilking (I cannot call it arguing) against pyscho* 
l.igy, or political economy. On the other nnnd, I allud» 
to tlie apii'it of meddling systcmatizatiou and regulatiuu 
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which snimatcB even the " Philosophic PoMtive," and 
breaks out, in the hitter volumes of that work, into no 
uncertain foreshadowiug of the anti-scientific monstro- 
eities of Comte's later writings. 

Those who try to draw a line of demarcation between 
the spirit of the "Philosophie Positive," and that of 
the ** Politique" and its successors, (if I may express 
an opinion from fragmentary knowledge of these last,) 
must have overlooked, or forgotten, what Comte himself 
labours to show, and indeed succeeds in proving, in 
the "Appendice G^ndral" of the "Politique Positive.'' 
** Dtis mon debut," he writea, " je tentai de fonder le 
nouveau pouvoir spirituel que j'inatituc aujourd'huL" 
" Ua politique, loin d'etre aucunemcnt opposce Ji m» 
philosophie, en conatitue tellemcnt la, suite naturelle 
que cclle-ci fut direetement institute pour scrvir de base 
it ccl]e-l.\ comme le prouve cet appendice." -^ 

This is quite true. In the remarkable essay entitled 
"Considerations sur Ig Pouvoir spirituel," published in 
March 1S36, Comte advocates the catabliahment of a 
I •* modern epiritual power," which, he anticipates, may 
exercise an even greater influence over temporal affaire, 
tlian did the Catholic clergy, at the height of their 
vigour and independence, in the twelfth century. This 
spiritual power is, in fact, to govern opinion, and to 
have the supreme control over education, in each 
uation of the West; and the spiritual powers of the 
«everal European peoples are to be associated together 
and placeil under a common direction or " souveraiuet^ 
epirituelle.'* 

A system of "Catholicism minus Christianity" was 
therefore completely organized in Comte's mind, four 
years before the first volume of the "Philosophic 
Positive " was written ; and, naturally, the papal spirit 
*Loi^ ciC, i^^lace £|HkJul«, pp. i. ii. 
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BhowB itself in tliat work, not only in the ways 
have alrt;u(ly meutioned, but, notably, in the attack 
on Ubei-ty of conscience wliich breaks out in the fourth 
volume -^ ' 

' I! n'y H point de litprt^ de eonficienee an nutmnoTnifl, en physique. 
«n cttimie, en ph^tiolojiio ui6mo, en co sons quu chocun trouvornit 
abeurde d« iic pits cruirB de tonlizince atix priticipoB uUblis dans lua 
scicncua pu l&s houiues coiup^tents." 

"Nothing in ultramontane Catholicism " can, in ni] 
judgment, be more completely aaecrdotfil, more entirel] 
anti-scnentific, than this dictum. All tlie great steps xi 
the advancement of science have been made by jua 
those men who have not hesitated to doubt the "pria- 
ciplca cstjiblished in the eeiencea by competent persons ;'^ 
and the gireat teaching of science — the great use of it 
an instrument of raentil discipline— is its constant incul^ 
cation of the maxim, that the sole ground on which anj 
statement haa a right to be believed is the impossibility 
of refuting it. S 

Thus, without travelling beyond the limits of th^* 
"Philosophic Positive," we find its author contempla- 
ting the establishment of a system of society, in which 
an organized spiritual power shall over-ride and direct 
the temporal power, as completely aa the Innocents and 
Gregorys tried to govern Europe m the middle ages ; and 
repudiating the exereiae of lilx'rty of conscience against 
the " hommes compctrnts," of whom, by the assump- 
tion, the new priesthood would be composed- Was 
Mr. Cougreve as forgetful of this, as he seems to have 
boeu of some other paria of the " Plillosophie Positive," 
when ho wrote, that "'in any limited, careful use of 
the term, no candid man could aay that the Positive 
Philosophy coutaincd a great deal as thoroughly antar 
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tonistic to [the very essence of^] science aa Catlioli- 
6sm"? 

I M. Comte, it wil] have been observed, desires to retain ' 
the whole of Catholic organization ; and the logical 
Oracticid result of this part of his doctrine would be 
the establishment of something corresponding with that 
Eminently Catholic, but admittedly anti-scientific, insti- 
fcatioD — the Holy Office. 

[ I hope I have said enough to show that I wrote the few 
Bues I devoted to M. Comte and his philosophy, neither 
BMo;iiardGdly nor ignorantly, still less maliciously. I 
Bbiiil be aoiry if what I have now added, in my own 
justification, should lead any to supdose that I think 
M. Comte'a works worthless ; or that I do not heartily 
pect, and sympathise with, those who have been im- 
ellcd by him to think deeply upon social problems, 
nd to strive nobly for social regeneration. It ia the 
irtue of that impulse, I believe, which will save 
the name and fame of Auguste Comte from oblivion. 
As for hia philosophy, I part with it by quoting 
Lia own words, reported to me by a quondam Comtist, 
now an eminent member of the Institute of France, 
M. Charles Robin: — 

"La I'iiilosoplieest uim tenl«tiv6 inoesEante de I'eaprit hnniain povir 
airiver nu iL'iM.nii ■ tnaia clle so trouvB iituesBaKioent aussi <lmang6o par 
1m profjro.s cuntiniis do la acinnco. De l)i vient pour lo pliiloeopha 
Vobli^licin ilo rtrniro chuijuo aoir la eyntliiliBQ cle siis conciptiwns ; et 
on jour vivijilra oil L'licjiiiine raUonniibla lie fern jjUs li'autre pri&r* 

* Mr. Conpreve letLvefl out these tmi>riTtiU)t words, irhldi show tWZtc&t 
U Uifi qtiiit, uid dqI [■<> tiiu details of aciouuc. 




Ip a wcH wpre to be sunlc at our feet in the midst of 
the city of Norwich, the diggers would very soon find 
themselves at work in that white substance almost too 
soft to be called rock, with which we are all familiar as 
" chalk." 

Not ODly here, but over the whole county of Norfolk, 
the well-sinker might carry his shaft down many hundred 
feet without coming to the end of the chalk ; and, oo 
tilio sea-coast, where the waves have pared away tho 
face of the land which breasts them, the scarped faces 
of the high cliffs are often wholly formed of the same 
material. Northward, the chalk may be followed as far 
as Yorkshire ; on the Bouth coast it appears abruptly 
in the picturesque west embays of Doraet, and brealu 
into the Needles of the Isle of Wight; whiio on th-i 
shores of Kent it supplies that long line of white cUiSt 
to which England owea her name of Albion. 

AVcro the thin soil which covers it all washed away, 
a cur\'ei3 band of white chalk, hero broader, and there 
Bamivvor, mit^ht be followed diagonally acruRs Englaud 
fvom Lulworth in Dorset^ to Flamborough Head in 
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^■orkfihirc — a distance of over 280 miles as the crow 
^es. 

I From tliis band to the North Sea, on the cast, and the 
Channel, on the south, the chalk ia largely bidden by 
tttber deposits ; but, except in the Weald of Kent and 
Sussex, it enters into the very foundation of all the 
jouth-eaatern nountiea 

Attaining, as it doea in some places, & thickness of 
Dore Uian a thousand feet^ tho English chalk must be 
admitted to be a mass of considerable magnitude. 
Nevertheless, it covers but an insi^ificant portion of 
the whole area occupied by the clialk formation of the 
ilolw, which has precisely the same general characters 
£s ours, and is foimd in detached patches, some less, 
ind others more extensive, than the English. 
I Chalk occurs in north-west Irehmd ; it stretches over 
i large part of France, — the chalk which underlies Paris 
being, in fact, a continuation of that of the London 
basin ; it runs through Denmark and Central Europe, and 
extends southward to North Africa ; while eastward, it 
appears in the Crimea and in Syria, and may be tniced 
as far as the shores of the Sea of Aral, in Central Aaia. 

If all the points at which true chalk occurs were 
tircumgeribed, they would lie within an irrrcgular oval 
kbout 3,000 mites in long diameter — the area of whieh 
would be as great as that of Europe, and would many 
timea exceed that of the largest existing inland sea — 
|jie Mediterranean. 

Thus the chalk is no unimportant element in tlie 
masonry of t^io earth's crust, and it impresses a peculiar 
^tamp, varying with the conditions to which it is 
uiKised, itn the scenery of the districts in which it 
Docura. The undulating downs ami rounded coombs, 
Bovered with sweet-grassed turf, of our inland chalk 

uatry, have a puaccl'ully domestic and muttuu* 
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I Buwresting prettinesa, but can hardly be called either 
I graDd or bcnutifuL But on our snutliani coasts, the 
I wall-sided cUfia, many hundred fpot high, with vart 
^^^eddles and pinDaolcs gtaTiding out in the sea, sharp 
^tod eolitary enough to serve as perches for the wary 
oormoraut, confer a wonderful beauty and grandeur 
upon the chalk headlands. And, in the East, chalk hae 
its share iu the formation of some of the most veneral 
of mount-fiin ranges, such as the Lebanon. 

What IB this wide-spread component of the surface 
the earth ? and whence did it come ? 

You may think this no very hopeful inquirj'. Toff 
may not unnaturally suppose that the attempt to solve 
Buch pi-oblenis as these can lead to no result, save that 
of entangling the inquirer in vawiie speculations, in- 
capable of refutation and of verification. 

If Buoh were really the case, I should have selected 
Bome other subject than a " piece of chalk " for xaf 
discourse. But, in truth, after much deliberation, I 
have been unable to think of any topic which would so 
well enable me to lead you to see how solid is the fonn- 
dation upon which some of the most startling conclusion^ 
of physical science I'est. ^H 

A great chapter of the history of the world is written 
in the chalk. Few passages lq the history of man can 
be supported by such an overwhelming mass of direct 
and iudii-ect e\'idence as that which tcstifiea to the truth 
of the fragment of the history of the globe, which I faoDL 
to enable you to read, with your own eyes, to-night. ^| 

Let me aHtl, that few chapters of huniaa history have 
a more prufinind significance for ourselves. I weigh 
my words well when I assert, that the man who should 
know the true history of the bit of chalk which eve' 
carpenter carries about iu his brucches-pockett tho 
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tgnoifint of all other history, is likely, if he will think 
hia knowledge out to its ultiniate results, to have a tnaer^ 
and therefore a hotter, conception of tliis wonderfu 
universe, and of man's relation to it, thnn the moa 
learned student who is deep-read in the records 
humanity and ignorant of those of Nature. 

The lancriiaffe of the chalk is not hard to learn, not 
nearly so hard as Latin, if you only want to get at fchff" 
liroad featm-es of the story it has to tell ; and I prt>-j 
pose that we now set to work to spell that story onl 
together. 

We ;Ui know that if we " burn " chalk the result 
is quiekUme. Chalk, in fact, is a compound of carbonic' 
acid gas, and lime, and when you make it very hot tlie 
carbonic acid flies away and the bmc is left 

By this method of procedure we see the lime, but we 
do not see tlic carbonic acid. If, on the other hand, yow^ 
were to powder a little chalk and drop it into a good 
deal of strong vinegar, there would be a great bubbling 
and fizzing, and, finally, a clear liquid, in which no sign 
of chalk would appear. Here you see the cat-bonic acid 
in the bubbles; the Unie, dissolved in tlie vinegar, 
vanishes from sight. Thei-e ai'e a great many otlier 
ways of showing that chalk is essentially nothing but 
carbonic acid and quicklime. Chemists enunciate the 
result of all the experiments which prove this, by 
stating that chalk ia almost wholly eonipoeed of " car- 
bonate of lime." 

It is desirable for us to start from the knowledge 
this fact, though it may not seem to help us very fa 
towards what we seek. For carbonate of lime is a widely-^ 
• spread substance, and is met with under very various 
conditions. All sorts of limestones are composed tif 
mt)rc or less pure carbonate of lime. The crust which 
ia often deposited by waters which have drained tluo 
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limestone rocks, in tji« form of what are called st 
mites and stilactites, is carlmnatft of lime. Or, to 
& more familiar examnlc, the fur oq the inside of a ten- 
kettle is carbonate tif lime ; and, for anything chcmistrj' 
tolls as to the contrary, the chalk might be a kind of 
gifflmtic fur upon the bottom of the earth-kettle, which 
i8 kept pretty hot bulow. 

■ Let us try another method of making the chalk tel3 
ua its owm history. To the unassistiHl eye chalk looks 
simply like a very loose and open kind of stone. But 
it is possible to grind a slice of chalk down so thin tlmt 
you can see through it — until it is thin enough, in fact, 
to be examiut'd with auy magnifying power that may 
be thought desirable. A. tliiu elieu of the fur of s 
kettle might be made ia the same way. If it wece 
examined mici-oscopic-ally, it would show iteclf to ba 
a more or less distinctly laminuEed mineral substance^ 
and tLothins more. ^^ 
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But tho slice of chall: presents % totally different 
ftppcaraiice when placed under the microscope. The 
Bonernl masa of it is made up of verj' minute granules; 
but, imbedded in this matrix, are innumorahlc bodies^ 
me smaller and some larger, but, on a rough average, 
ot more than a hundredth of an inch in diameter, 
having a well-defined shajTe and strueture. A cubic 
inch of some si>ecimcns of chalk may contain hundred* 
of thouaanda of these bodies, compacted together with 
incalculable millions of the granules. 

The examination of a transparent slice gives a good 
notion of the manner in which the components of the 
chalk arc arranged, and of their relative proportiona 
But, by rubbing up some r.Lalk with a brush m water 
and thun pouring off the milky fluid, so aa to obtain 
Bedimouta of different degi-ees of fineness, the granulea 
and the minute rounded bodies may be pretty 
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Bcparntcd fipom one another, and submitted to micro- 
fipopic examination, eitber as opaque or as transparent 
objects. By combiuLng the views obtnined in these 
various methods, each of the rounded bodies may be 
proved to be a beautifully-constructed ealcareona fabric, 
rruule up of a number of chambers, commiuiicating freely 
with one another. The chambered bodies are of various 
forms. One of the commonest is something like a 
badly-grown raspbeiTy, being formed of a number of 
nearly globular chambers of different sizes congregated 
together. It is called Gtobigcrina, and some specimens 
of chalk consist of little else than Glohigerinm and 
g'ranules. 

Let us fix our attention upon the Glohigerina. It is 
the spoor of the game we are tracking. If we can learn 
what it ia and what are the conditions of its existence, 
we shall £ce our way to the origin and past history of 
the chalk. 

A suggestion which may naturally enough present 
itself is, that these curioua Iwdioa are the result of some 
process of aggregation which has taken place in the 
carbonate of lime ; that, just as in winter, the rime on 
our windows simulatea the most delicate and elegantly 
arborescent foliage — proving that the mete mineral water 
may, under certain conditions, assume the outward form 
of organic bodies — so this mineral substance, carbonate 
of lime, hidden away in the bowels of the eai-th, baa 
taken the shape of these chambered bodies. I am not 
raising a merely fancilul and unreal objoetion. Very 
learned men, in former days, have even entertaincn^the 
notion that all the formed things found in roeks are of 
this nature ; and if no such conception is at present 
held to be admissible, It is because long and varied 
experience has now shown that mineral matter never 
does assume the form and structure we fiod In fossils. 
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If any one. were to try to persuade you that an oyster- 
shell (which ifl also cliic-fly composed of carhonate of 
lime) hud crystallized out of sea-water, I suppose you 
would lauirh at the al>surdity. Your laughter wouH 
be justified by the fact that all esperieiice tonds to 
show that oyater-shella axe formed by the agency of 
oysters, and m no other way. And if there were no 
lietter reasons, we should bo justified, on like grounda, 
in bclicTing that Glohifferina is not the product of any- 
thing but vital activity. 

Happily, however, better evidence in proof of tbi' 
organic nature of the Globtgerince than that of analogy 
is forthcoming. It so happens that calcareous skeletous. 
exactly similar to the GlohigarincB of the chalk, m- 
being formed, at the present moment, by minute iivitg 
creatures, which flourish in multitudes, literally raore 
numei'ous than the sands of the sea-shore, over a lanje 
extent of that piut of the eartli'a surface which u 
covered by the ot^ean. 

The history of the discovery of these liiing GlM' 
gerincB, and of the part which they play in rock 
building, is singular enough. It is a discovery whicb, 
like others of no less scientific importance, has arisen, 
incidentally, out of work devoted to very diii'erent and 
exceedingly practical interests. 

When men first took to the sea, they speedily learoe^ 
to look out for sboata luid rocks ; and the more tlie 
burtben of their ships uicreased, the more iraperativt'Iy 
necessary it ber:ume for sailers to ascertain with precision 
the depth of the waters they travci'sed. Out of tJiia 
necessity grew the use ul' the lead and sounding 
and, ultiraahily, maimL--3urveying, which is tlic reciiwlil 
of the form of coastT and of the depth of the sea, 
ascertained by the sounding-lead, upon eliarts. 

At the same time, it became desirable to aseerl 
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and to indicate the nature of the sea-bottom, since this 
circumstance greatly otfects its goodness as holding 
groviijil for anchore. Some ingenious tar, whose name 
flesen/e-S a better fate thiin tb<! oblivion into which it 
lata falJeri, attained this object by "armiug" the bottom 
of the lead with a luitip ol' grciise, t(j which mare or less 
of the saud oi mud, or broken shells, as the case might 
be, adhered, and wjss brought to the surface. But, 
however well adapted such an apparatus might be for 
rough nautical purposes, Bcieiitific accuracy could not be 
expected from the armed lead, and to remedy its defects 
(especially when applied to sounding in great depths) 
I^ieut. Brooke, of the American Navy, some years ago 
invented a most ingenious machine, by which a consider- 
able portion of the superficial layer of the aea-bottom 
can be scooped out and brought up, from any depth to 
' -which the lead descenda. 

Ln 1853, Lieut. Brooke obtained mud from the bottom 
of the North Atlantic, between Newfoundland and the 
Azores, at a depth of more tlian 10,001) feet, or two 
DiUes, by tho help of tliia sounding apparatus. The 
specimens were sent for examination to Ehrenberg of 
Berlin, and to Bailey of West Point, and thost able 
microacopista found that this deep-sea mud wa3 
almost entirely compoBed of the skeletons of living 
oi^aoisms — the greater proportion of these being just 
like the Glvbi^erin(e already known to occur la the 
chalk. 

Thus far, tht! work had been carried on gimply in the 
interests of science, but Lieut. Brooke's method of souud- 
iog acquiicd a high commercial value, when the enter- 
prise of laying down the telegi'aph-calde between this 
country and the United States was undertaken. For 
it became a matter of immense importance to know, 
not only the de]jth of the sea over tho whole line along 
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wJiicli tlie cable was to be laid, but the exact nature of 
tlie bottom, so as to guard against chances of cutting or 
fraying the strands of that costly rope. The Admiml^ 
consequently ordered Captain Dayman, an old friend anJ 
shipmate of mine, to aficcrt^iin the depth over the whole 
line of the cable, and to bring bock specimens of the 
twttom. In former days, such a command as this might 
have sounded very much like one of the impossible things 
which the young prince in the Fairy Tales is ordered to 
do before he can obtain the hand of the Princess. How- 
ever, in the months of June and July 1857, my friend 
performed the task assigned to him with great expoditioD 
and precision, without, so far as I know, having met with 
any reward of that kind. The sfjecimeu* of Atlantie 
mud which he procured were sent to me to be examined 
and reported upon.' 

The result of all these operntiona is, that we know Uie 
contours and the nature of the surfiicc-soil covered bf 
the North Atlantic, for » distance of 1,700 miles from 
cast to west, OS well as we know that of any pact 
the dry land. 

It is a prodigious plain — ono of tho widest and m 
even plains, in the world. If the sea were drained off^ 
you might drive a wagon all the way from Valentia, on 
the wcat coast of Ireland, to Trinity Bay, in Newfound- 
laiid. And, except upon one sharp incline about 200 
miles from Valentia, I am not quite sure that it would 
e\'cn be nr^ccsaary to put the skid on, so geutle are the 
ftseents and descents upon thut lung route. From Valentii^ 

* See AjjpcndLi to Captain TJaymsin's "Deep-sea Sontidings in the NDitl 
AUbdUc Ot'c/in, between Ireliuni and Newioiiiidlaod, iiiiLde iu IlJi.^ 
Of/d/opi. P ablisUed hy order of the Lords Conimissioticra of tlie Admlmlty, 
1«SS." Tljey hnve since t'ontwtl the aiibjoct <)f an elubontte Meninir ij 
illrMsn. Purker uid tTonos, publbhod in tlio J'kUoaapkimi Tranaact 
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the road would lie down-liill for about 200 railea to tliR 
point at which the bottom is uow covprod by 1,700 
fathoms of sea-water. Then would come the central 
plain, more than a thonaand miles wide, the iuequalitita 
of the surftice of which would he hardly perceptible, 
though the depth of water upon it nov7 varies from 
10,000 to 10,000 feet; and there are places in which 
Monfc Blanc might lie aunk without showing its peaTi 
above water. Bc'yond this, the ascunt on the American 
side commences, and grarlually leads, for about 300 
miles, to the Newfoundland shore. 

Almost the whole of the bott«m of this central plain 
(which extends for many hundred miles in a north and 
eouth direction) is covered by a fine mud, which, when 
brought to the surface, di'ies into a gi-oyxBh-wliite friable 
Bubstance. Yon can write with this on a blacklioard, if 
you are so inclined ; and, to the eye, it is quite like very 
floft^ gTe)'iah chaJk. Examined clicmically, it proves to 
be composed almost wlioUy of caxlxmate of lime ; and if 
you make a section of it, in the same way jua that of thfi 
piece of chalk was made, and view it with the micro- 
scope, it presents innumerable Globigcrince embedded 
in a granular matris. 

Thus this deep-sea mud is substantially chalk. I say 
substantially, because there are a good many minor dif- 
ferences ; bat as these have no beariiig uu the question 
immediately before us, — which is the natxirc of the 
GlohigerifUB of the chall^ — it ia uiniccessary to speak 
of them. 

Glohigerina of every size, from the smallest to tbo 
lai^ost, are associated together in the Atlantic mud, and 
the chambers of many are filled by a soft animal matter. 
This soft substance is, in fact, the remains of the creature 
to which the Glohigerina shell, or rather skeleton, owea 
in existence — and which is an animal of the 6impla>t 
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ible description. It is, in fact, a mere pa; 
of Byiug jelly, without defined pai*t» of 8oy , 
without a moutli, nerves, muscles, or distinct organs, 
and only manifesting its vitality to ordinary observation 
by thrusting out and retracting Irom all parts of it* 
Burfaw:, long filamentous processes, which servo for ama 
and legs. Yet this amorplioua particle, devoid of eveiy- 
thing which, in the higher animals, we cull organs, ii 
capable of feeding, growing, and multiplying; of eepa- 
raling from the ocean the smidl proportion of carbonate 
of lime which is dJsaolv(?d in sea water ; and d 
building up that substance into a skeleton for itseli^ 
according to a pattern which can be imitated by i» 
other known agency. 

The notion that animals can live and flourish in tlM 
Bca, at the vast depths ii'om which apparently liviiig 
OlohigerineB have been brought up, does not agree very 
well with our naual conceptions res[teeting the conditioui 
of animal life ; and it is not so absolutely irapossib]t> as 
it might at first sight ajipear to l>e, tJiat the Ghhigenvit 
of the Atlantic sea-bottom do not live and die wheiu 
they are found. ^M 

As I have mentioned, the soundings from the gra^ 
Atlantic plain are almost entirely made up of Glofii- 
gerinm, with the grauuli-a which have been mentioned, 
and some few other calcareous shells; but a small per- 
centage of the chalky mud — pcrhajis at most some five 
per cent, of it — is of a difieivut nature, and cou-sists of 
shells and skeletons composed of silex, or pure flint. Theso 
eilicioua bodies belong partly to the lowly vegetable 
organisms vhich arc called Dialomacets, and partly to 
the minute, and extremely simple, animals, termed 
Radiokma. It lb quite certain that these creaturea 
do not live at the botlora of the ocean, but at its 
surface — where they may be obtained in prodigl 
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Dnmlicnt by the nae of a properly constructed net. 
Hence it follows that these silkious orgauisms, though 
they are not heavier than the lightest duet, must have 
fallen, in some cases, through filteen thousand feet of 
Wttt«r, before they reached their final restiug-plaee on 
the ocean tloor. And, considering how large n surface 
these bodies expose in proportion to their weight, it 
ts probable that they occupy a great length of time 
in making their burial journey from the Burfuce of tie 
Atlantic to the bottom. 

But if the RcLdioldria and Diatoms are thus rained 
upon the bottom of the sea, from the superficial layer 
of its waters in which they pass their lives, it is ob- 
viously possible that the Glohiffennw may be similarly 
derived; and if they were so, it would be much more 
feasy to imdersband how they obtain their supply of food 
ihan it is at present Neveiiheless, the positive and 
leffative evidence all poiuta the other way. The 
Jceletons of the full-grown, deep-sea Glohifferinm are 
lo remarkably solid and heavy in proportion to their 
rarface as to seem little fitted for flouting ; and, as a 
natter of fact, they ai'e not to bo found along with the 
tWatoms and HadioUiriaf in the uppermost stratum of 
tlie open ocean. 

It has been observe(3, again, that the abum^ancc of 
Glofnt/ertTUB, in proportion to other oi-gauisms, of like 
kind, increases with the depth of the sea ; and that 
deep-water GlohigeriiioB arc larger than those which live 
in shallower parts of the sea ; and euch facta negativo 
the supposition that these orgauisms have been swept by 
Surrents from the shallows ini;o the deeps of the Atlantic. 

It therefore seems to be hardly doubtful that these 
wonderful crcntui-cs live and die at the depths in which 
&ey arc found.' 

'During the ctuise of ILM.S. Bulldog, oommiuidnd bj Sir Leov°^ 
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However, the importfint points for us ore, that the 
living Globigerina arc exclusively mariDC animals^ tlie 
skeletons of which abound at the bottom of Jeep seas; 
and that there is not a shadow of reason for believing 
that the habita of the Glohigerina of the chaJk diflcwd 
from those of the existing speciea But if this bo tim, 
there is no escaping the conclusion that the chalk itself 
is the dried mud of au ancient deep sea. 

In working over the soundings collected by Captain 
Dayman, I was surprised to find that many of what 
I have called the " granules" of thnt mud, were not, w 
one might have been tempted to think at first, the mere 
powder and waste of GlobigeriiKS, but that they had a 
definite fonn and aize. I termed these bodies " cocco- 
Ikht," and doubted their organic nuture. Dr. Wallich 
verified my observation, and addud the interesting 
discovery that, not -unfrequently, bodies similar to tliese 
"coccoliths" were aggregated together into sphermde, 
which he termed " coccospheres." So far as we knew, 
these bodies, the nature of which is extremely puzzling 
and problematical, were pceuliax to the Atlantic 
soundings. 

But, a few years ago, Mr. Sorby, in making a careful 
examination of the chalk by means of thin siictions aail 
otherwise, observed, as Ebrenberg had doue before him, 
that much of its granular basis possesses a definite fonn. 
Comparijig these formed particles with those in the 

M'Chnturk, io 18(10, liviDg star-fiBti wore brougltt up, clinginp *o the lomrt 

J Kilt of Die Bountlbi^-lintr, from o depth of 1,StiO f/ithoiDH, midway beLween 
-'npo Farcwo]], in Groenland.nnd tlnj Ri)ckH.!Hjaiika. Dr. Wallich aBoertaimd 
tlmt the 8ea-l)ottcini nt this point ci'iisistcd of tiio ordinary fjlfiht'fjf.rina ooa, 
and that the shouwcJis of tlio atfiT-Hshes were Ml of OliJi'iii-riiu'., Tlii» 
diflcovery reniovKS all obji^ctioiiB to tlje exist^^ce of living (Jlobiijaijia at 
[freat depths, which ejv bnsi^d upon the aui^poB^d difticully of nijiintaiiuiig 
fiiiima.1 lifu iiiiilpr wich conditions ; and il throws the Inirtli^o of priiof u] — 
llicjttu hIiij ohifcb tw the Biii^jmsiLion that the GlabigtrltuB livs ftnd die 
ttw; Kre foiuid. 
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Atlantic soundiugs, he found the two to be identical ; 
and thus jiroved tliat the chalk, like the soundinga, 
contains these mysterious coccoliths and cocf:ospherea. 
Here was a farther and a most interestinc; confirmation, 
from internal evidence, of the essential identity of the 
challc with modern deep-sea mud. GlohirjeriiitB, eoeco- 
litbs, and coccospheres are found as the chief constituents 
of both, and testify to the general similarity of the con- 
ditions under which both have been formed.* 

The evidence furaiahed by the hewing, facing, and 
superposition of the atones of the Pyramitla, that these 
etmctures were built by men, has no greater weight 
than the evidcnee that the chalk was built by Globi- 
t/erinw ; and the belief that those auciout pyramid- 
builders were terrestrial and air-breathiiig creatixrea like 
ourselves, is it not bettor based than the conviction that 
the chalk-makers lived in the sea^ 

But as our belief in the building of the Pyramida by 
men is not only grounded on the internal evidence 
affordfd by these structures, but gathers strength from 
multitudinous collateral proofs, and is clinched by the 
total absence of any reason for a contrary belief ; so the 
evidence drawn from the (j'loherifjinm that the chalk is 
an ancient sea-bottom, is fortified by innumerable inde- 
pendent lines of evidence ; and our belief in the truth 
of the couclusion to which all positive testimony tends, 
receives the like negative justification from the fact that 
uo other hypotheaia has a shadow of foundation. 

It may be worth while briefly to consider a few of 
these collateral proofs that tlie chalk was deposited at 
Uie bottom of Uie sea. 

* I have> recpntly tniced oat tlic dcvQlopment of tli« " cocuuUtln " from » 
di!inM5t«r of -ijVe'-^' ofaa inch up to Uidr Ui-jrfBliisiiv (wliicli is u-ljout-n^.Tnth), 
nm) III) longer (ioiiUt Llint tli?r lire p'n'diicedb}'indi3pen'leiat or^aoiituUf wbiot>| 
like tha tiUibigi^ma, live ana die tX the bottom o-I* the; sea. 
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TLo great mass of the chalk is composed, a» we have 
ficCD, of tbo skeletons of Glohigcrinm, and other simj^D 
organtsms, imbedded in grauuUr matter. Here and 
there, however, this hardened mud of the ancient sea 
revfois the remnlDs of higher animals which have lived 
and died, and left their hard ptirta in the mud, just m 
the oysters die and leave their ahella behind them, in 
mud of the present seas. 

There are, at the present day, certain groups of anim.- 
■which are never found in frctili waters, being unable to 
live anywhere but in the sea. Such are the corals ; those 
corallines which are called Polyxoa ; those creatures 
which fabricate the lamp-shells, and are called Brachio- 
■poda ; the jiearly Nautilus, and all aniraids allied to, 
it; and all the forms of sea-urchins and star-fishes. J 

Not only are all these ci-cnturcs confined to salt water 
at the present day ; but, so far as our records of the past, 
go, the conditions of their existence have been the mmoi 
hence, their occurrence in any dcjxjsit ia aa strong 
evidence as can be obtained, that that deposit was 
formed in the sea. Kow the remains of animals of all 
the kinds which have been enumerated, occur in th 
chalk, in greater or less abundance ; while not one 
those forms of shell-finh which are characteristic of 
water has yet hecn obscrvfd in it. 

Wlicn we consider that the remnins of moi-e than tl 
thousand distinct species of aquatic animals have 
discovered among the fossU* of the chalk, that the grea 
majority of tht'm are of such forms as are now met with 
only in the sea, and that there is no rejxson to heli 
that any one of tliem inhabited fresh water — the collator; 
evidence that the chalk represents an ancient sca-liottiii 
ucquires as gi-eat force aa the pi-ouf derived from 
natiu-u i»f till! chitlk itsfU". I think you will now alio 
that I did not overstate my case when I asserted 
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we have as strong grounds for "believing that all the vast 
area of dry land, iit present occu])icd by the chalk, was 
ODoe at the bottom of the scRj as we have for any matttrr 
of history ■whatever ; while there is no jiistification for 
any oUier belief. 

Ifo less certain it is that the time during which 
the countries we now call south-east England, France, 
Germany, Poland, Russia, Egypt, Aiabia, Syria, were 
more or leas completely covered by a deep sea, was of 
considerable duration. 

We have already seen that the ehalli is, in places, 
more than a thousand feet thick. I thinb you will 
o^Tce with me, that it mu3t have taken some time for 
the skeletons of animalcules of a hundredth of an inch in 
diameter to heap up such a mass as that I have said 
that throughout the thickness of the chalk the remains 
of other animals are scattered. These remains are often 
in the moat exquisite state of preservation. The valves 
of the sliell-fishes are commonly adherent ; the long 
spines of some of the sea-urchins, which would be de- 
tached by the smallest jar, often remain in their pla<;es. 
In a word, it is certain that these anim^ils have lived 
and died when the place which they now oceiipy was 
the surface of as mai-h of the chalk as had then been 
deposited ; and that each has been covered up by the 
layer of Glohujerina mud, upon which the creatures 
imbeihUHi a little higher up have, in like manner, lived 
end died. But some of these remains prove the existence 
of reptUes of vast size in the chalk sea. These lived 
their time, and had their ancestors and descendants, 
which assuredly implies time, reptUes being of slow 
growth. 

There is more curious evidence, again, that the procest 
of covering up, or. in other woi-ds, the deposit of Qlobi- 
gerina skeletons, did not go on very fast. It is demoxv- 
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strfibte that an oiiimal of the cretaceous sea might die, 
that its skeleton might lie uncoTercd upon the eea-bottom 
long enough to lose all its outward coverings and appen- 
dages by putrefaction ; and that, after this bad happened, 
another animal might attach itself to the dead and naked 
flkclct^^D, might grow to maturity, and might itself die 
before the calcareous mud bad buried the whole 

Cases of this kiud ore admirably described by Sir 
Charles LyelL He speaks of the frequency with whicb 
geologists find in the chalk a fossili2ed sea-urchin, W 
which is attached the lower valve of a Crania. This 
is a kind of shcU-fish, with a shell composed of two 
pierod, of which, as in the oyster, one is fixed and the 
other free. 

" The upper valve is almost invariably wantuig, 
though occasionally found in a perfect state of pre- 
servation in the white chalk at some distance. In this 
case, we see clearly that the sea-urchin firet lived from 
youth to ago, then died and lost its spines, which were 
carried away. Then the young Crania atlhered to the 
bared shell, grew and perished in its turn ; after which, 
the upper valve was separated from the lower, before 
the Echinus became, enveloped in chalky mud."^ 

A specimen in the Museum of Pnictical Geology, in 
London, still further prolongs the period which must have 
elapsed between the death of the sea-urchin, and its buriul 
by the Glohigcrins. For the outward face of the valvo of 
a Crania, which is attached to a sea-iircliin (i/icrcw^er), 
is itself overrun by an incrusting cortdline, which spreads 
thepce over more or less of the surface of the sea-urchiD. 
It follows that, after the upper Talve of the Crania f&ll 
off, the surface of the attached valve must have remained 
exposed long enough to all(^w of the growth of the whola 
coralline, since corallines do not live imbedded in mud. 

' " ElfOMinU of CW'Bjy," by Sir Chnrlcs LyeU, EoA P.R8., p^ 83. 
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The progress of tnowleJge may, one clay, enaMe ui 
to deduce from such facts a.n tlieae tbe maximum ra' 
at which the chalk can have accumulatetl, aud thus 
arrive at the miniraom, duration of tlie chalk peri 
Suppose that the valve of the Crania uj^on which 
coralline has fixed itself in the way just dcscritied, is s 
attached to the sea-urchin that no part of it is more tha 
an inch above the face upon which the sea-urchin rests. 
Then, aa the coralline couJd not have fixed itself, if the 
Crania had been covered up with chalk mud, and 
could not have lived had itself been bo covered, it followa, 
that an inch of chalk mud could not have aecumiilated 
within the time between the death and decay of the so 
parts of the sea-urchin and the growth of the coraDine to 
the fiiU size which it hns attaineiL If the decay of tlic ^ 
soft parts of the sea-urchin ; the attach iiteut, growth to^M 
maturity, and decay of the Crania ; aud the subeeciueiit;™ 
attacliment and growth of the corp.lline, toolj a year 
(which is a low estimate enough), the accumulation 
the inch of chalk must have taken more than a yeari 
and the deposit of a thousand feet of chalk must 
consequently, have taken more than twelve thujiiant 
years. 

The fouudatioa of all tliis cnlculation is, of course, ai 
knowledge of the length of time the Crania and tliei 
coralluic needed to attain their ^U size; and, on tlii^J 
head, precise knowledge is at present wanling. But 
there are circumstances which tend to show, that uothinff 
like an inch of chalk has accumulated during the life w 
a Crania; and, on any probable estimate of the length 
of that life, tbe chalk period must have had a much 
longer duration than that thus roughly assigned to it. 

TIuis, not only is it certain that the chalk is the mud of 
an ancient sea-bottom ; but it is no less certain, that bha 
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chalk sea existed during an extrfimcly long period, thoi^h 
we may not be prepared to g:ive a precise estimate of the 
length of that period in years;. The relative duration u 
cleuTj though, the Absolute duration may not be definable. 
The attempt to afSx any pi-ecise date to the period 
wMcii the chalk sea began, or ended, its existence, 
luiiled by difficulties of the same kind. But the rcl 
tivc age of the cretaceous epoch may be deteroiiui 
with OS great case and certainty aa the long duratiot 
of that epoch. 

You will havo heard of tho intcrcating discoverii 
recently made, in various parts of Weatern Em-ope, 
flint implements, obviously worked into shape by hunui 
hands, under circumstances which show conclusively th. 
man is a very ancient denizen of these regions. 

It has been proved that the old populations of Europe, 
whose existence has been revealed to ua in this way, cou- 
Biatcd of savages, such as the Esquimaux are now ; that, 
in tho country which is now France, they hunted t! 
reindeer, and were familiar with the ways of the ma 
moth and the bison. The physical geography of Frau. 
was in those days different from what it is now — t 
river Sorame, for instance, having cut its bed a hundr 
feet deeper between that time and tliia ; and, it is pro- 
bable, that the climate was more like that of Can 
or Siberia, than that of Western Kurope. 

The esietenee of these people is forgott*'n even in t 
traditions of the oldest historical nations. The nami 
and fiime of them had utterly vanished imtil a fe 
years back ; and the amount of physical ehniige wliich 
has been effected since their day, leudei's it more than 
|irobaljle that, venerable as are some of the historical^ 
nations, the worlicrs of the chipped flints of Hosno of^ 
of Amiens are to them, as they ai'e to us, in point of 
antiquity. 
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But, if we aesi^ to these hoftr i-clica of long-vfltiiBl)pd] 
gcneratiouB of mt-u the greatest age tbut fan poaaibly bel 
clairueil for them, they are not older than the drii't, orj 
boulder clay, which, in comparison with the chalk, ie 
but a very juveuile dppo&it. You noed go no^ further^ 
thaa your own sca-boavd for cvitk-uce of this fact At 
one of the most charming spots ou the coast of Norfolk, 
Ci-omer, you ■will ece the boulder clay forming a vasti 
cnnss, which Ilea upon the chalk, and must consequently 
have come into existence after it. Huge boulders oi 
chalk are, in fact, ineluded in the clay, and have evi- 
dently been brought to the position they now occupy,! 
by the same agency as that which has planted blocks of 1 
syenite from Norway side by side with them. 

The chalk, then, is certainly older than the boulderj 
clay. If you ask how much, 1 will again take you nol 
further than the same spot upon your own coasts for' 
evidence. I have spoken of the boulder clay and drift 
as resting upnu the chalk. Thar, is not strictly truaj 
Interposed between the chalk and the drift is a compa- 
ratively insignificant layer, containing vegetable matterj 
But that hiyer tells a wonderful history. It is full ol 
Btump.^ of trees st;mding as they grew. Fir-hecs are 
there with their cones, and hazel-bushes with their nuts ;J 
there stand the stools of oak and yew trees, beeches and 
alders. Hence this stratum is appropriately galled tha^ 
"forcBt-bed." 

It is obvious that the chalk must have been upheaved] 
and converted into dry land, before the timber trees 
could grow upon it, Aa tho bolls of some of these trees 
are from two to throe feet in diameter, it is no Icbs clear 
that the dry land thus formed remained in the sumo 
condition for long ages. And not only do tho remaiua 
of stately oaks uiid well-grown fira testify to the duraiioii 
of this condition of things, but additional evidence to. 
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Ihc samo effect is afforded by tho abuadant remaina of 
i'lq»hant3, rliinoccroses, hippopotamuses, and otbor great 
wild beasts, which it has yielded to the zealous search of , 
such meu as the Rev. Mr. Ouon. ^M 

When you look at such a collection as he has formed* 
and bcthiuk you that these elephantine hones did veritably 
cany their owners about, aud these great grinders crunch, 
in the dark woods of which the foreat-bed is now the 
only trace, it is impossible not to feel that they ari> as 
good evidence of the lapse of time as the aaiiual rings 
of the tree-stumps. 

Thus there is a writing upon the wall of cliffs 
Cromer, and whoso runs may read it. It tells us, with 
an authority which cannot be impeached, that the 
ancient sea-bed of the chalk sea Wiis raised up, and 
remained dry land, until it was covered with forest, 
stocked with the great game whoso spoils have rejoiced 
your geologists. How long it remained in that condition 
cannot be said ; but " the whirligig of time brought ib^ 
revenges " in those daj's as in these. That dry land^ 
with the bones and teeth of generations of long-lived 
elephants, hidden away among the gnarled roots and dry 
leaves of its ancient trees, siink gradually to the bottot 
of tbe icy sea, which covered it with huge massea 
drift and boulder clay. Searbejists, such a^ the walrus, 
now restricted to the extreme north, paddloil about wbei 
birds had twittered among the topmost twigs of the 
trees. How long this state of things endured we knoi 
not, but at length it came to an end. The upheave 
glacial mud hardened into the soil of modern Norfoll 
Forests grew once more, the wolf and the heaver re-' 
placed the reindeer and the elephant ; and at Icngt^^ 
what we call the history of Elngland dawned. ^M 

Thus you have, within the limits of your own county,^ 
proof that the chalk can justly claim a very mmrli. 
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greater antiquity than oven the oldest physical traces 
muiildnd. But we may go furthei' and dcmoiiBtriLto, 
evidence of the same authority as that which testJIieis toi 
the existence of the father of men, that the chalk isj 
vastly older than Adam himself. 

The Book of Genesis informs us that Adam, immediately 
npOD his creation, iind before the appearance of Eve, wafi 
placed in the Garden of Eden. The problem of the 
geograpliical position of Eden has greatly vexed thOi 
Hpirita of the leai-ucd in such matters, but there is ono : 
point respecting which, so far as 1 know, no commeulator 
hiis ever raised a doubt. Ttda ia, that of the foui* riveiB 
which are said to run out of it, Euphrates and Hiddekel 
are identical with the rivers now known by the names of J 
Euphrates and Tigris. 

But the whole country in. which these mighty rivers 
take their origin, and through which they niu, ia 
composed of rocks which arc either of the same age as 
the chalk, or of later date. So that the ehalk must uol 
only have been formed, but, after its formation, the tim< 
required for the deposit of these later rocks, and for theii 
upheaval into diy land, must have elapsed, before tli6f3 
smallest brook which feeds the swift stream of " tho-f 
great river, the river of Babylon," began to flow. 

Thus, cvidcnee which cannot bo rebutted, and which 
need not be strengthened, though if time permitted 
I might indefinitely increase its quantity, compels you 
to believe that the earth, from the time of the chalk 
to the present day, has been the theatre of a series of 
changes as vast in their amount> as they were slow ii 
their progress. The area on which we stand haa beei 
first sea and then land, for at least four alternations i 
oud has remained in each of these conditions for 
period of great length. 
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Nor have these wonderful metamorphoses of sea into 
land, and of land into sea» been coofiucd to one cornet 
of Enj^Iaod. During tho chalk period, or ** cretaceous 
epoch,'* not one of tho present gre:it phyaiftal features oi 
the glohe was in existence. Oiir great mountniu range*. 
Pyrenees, Alps, IltmiUayaa, Andes, have all l>eea up- 
heaved since the chalk was dcpa^ited, and the ci-ctiLoeoiu 
eea flowed over the sites of Sinai and Ararat. 

All this is certain, because rocks of cretaceous, or stiH 
later, date have shared iu the elevatory movements 
which gave rise to these mountain chains ; and may 
lie found perched up, in some cases, mauy thousand 
feet high upon their flanks. And evidenp.e of eqiuil 
cogency demonstrates that, though, in Norfolk, the 
foreat-bed rests directly upon the chalk, yet it does 80, 
not hecause the period at which the forest grew imme- 
diately followed that at which the chalk was formed, 
hut hecauae an inimenae lapse of time, represented 
elsewhere by thousands of feet of rock, is not indicated 
at Cromer. 

1 must ask yon to believe that there ia no less con- 
clusive proof that a still more prolonged succession of 
eimilar changes occurred, before the chalk was deiHjsited. 
Nor have wo any reason to thiuk that the first tenn ia 
the aeries of these changes is known. The oldest sea- 
beds preserved to us are Bands, and mud, and pebble^ 
the wear and tear of rocks which were formed la still 
older oceans. 

But, great as is the magnitude of these physical 
changes of tho world, they have been accompanied by 
a no less striking series of modifications iu its Uriag 
inbabitanta. 

AU the great elassps of animals, beasts of the field, 
fowls of the air, creeping things, and things whieh dwell 
^ in the waters, flourisheti upon the globe long ages bcfoK- 
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the clialk was deposited. Very few, howeycr, if nnj. of 
llicsc ftHcicDt forma of animal life were identical with 
those which now live. Certainly not one of the higher 
niiimnls was of the snme species ns any of tliose now in^d 
osistcnce. The hcasts of the field, in the days before^ 
the chalk, were not our beasts of the field, nor the fowla 
of the air such as those which the eye of men Las seen 
flying, unless his antiquity dates infinitely further hack 
than we at present surmise. H we coiUd be carried 
batik into those times, we should be as one suddenly 
Bet down in Australia before it was coloniaed. We should 
Bee mammals, birds, reptiles, fishes, insects, snails, j 
the like, clearly recognisable as such, and yet not 
of them would be just the same as those with which 
arc familiar, and many would be extremely different. 

From that time to the present, the population of tho 
■world has undergone slow and gradual, but incesBan 
changes. There has been no grand cataatropho — n^ 
destroyer has swept away the forms of life of one 
period, and replaced them by a totally new cieatiou 
but one species has vanished and another has taken 
it8 place ; creatures of one type of structure have 
dimiuislicd, those of another have increased, as time 
has passed on. And thus, while the dillerences betwceu 
the living creatures of the time before the chalk aud 
those of the present day appear startling, if placed 
Bide by side, we are led from one to the other by the 
most gradual piogi-ess, if we follow the course of Nature 
through the whole series of those relics of her operations 
which she has left behind. 

And it is by the jwpulation of the chalk sea that the 
ancieut aud Uie modem inhabitants of the world ara 
most coinjth-rcly connected. The groups which aro, 
dying out flourish, side by side, with the groups which 
are uow the douunaiit forms of U%; 
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Thus the chalk contains remains of those stnnn 
fi^'ing and swimming reptiles, the pterodactyl, the id^ 
tOToeaurus, and the plesiosaurua, vEich are fooud Lq do 
later deposits, but abounded in preceding ages. Tha 
chambered shells called ammonites and belemnitei, I 
which are so characteristic of the period preceding the I 
pretacwjus, in like manner die with it 

Hut, nmougst these fading romaiiidci^ of a prcTiom 
state of things, are some very modem forms of life. 
Waking like laukee pedlars among a triljc of Red 
Indiana. Crocodiles of modem type ap[«.'ar ; bony 
fishos, maDy of them very similar to existing species, 
almost supplant the forma of fch which predominate 
in ratne ancient seas ; and many kinds of Uving shell- 
fish first become known to us in the chalk. The vege- 
tation acquires a modem asjwcL A few UWng animals 
are not even distinguishable as species, from thase which 
existed at that remote epoch. The Globigerina of the 
present day, for example^ is not different specifically 
from that of the chalk ; and the same may be said 
of many other F&mminifera, I think it probable that 
critical and unprejudiced examination wUl show tho: 
more than one species of much higher animals have iiai 
ft similar longevity ; but the only example which T ran 
at present g^lve confidently is the saake's-head hmif*- 
sliell (Terehratulina caput serpeiUis), which lives in 
our English seas and abounded (as Terebratutina striata 
of authors) in the chalk. 

The longest line of human ancestry- must hide its 
diminiahcd bead before the pedigree of this inidgnificant 
shell-fieh. We Englishmen are proud to have an ancestor 
iriw was preaoiit at the Battle of Hastings. The an- 
^eetors of Terebratuliita caput serpentis may have beea 
pecsi'nt at a battle of Ichthi/osaitria in that part of tb« 
^ which, when the chalk was formuig, flowed over the 
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eite of Hastinga. While all around has changed, this 
Terchratulina liaa peaecfully propaijfited ita speciies fror 
generation to gaicration, and stands to this d«.y, as a^ 
living testimony to the continuity of the preseut with 
the past hiBtory of the globe. 

Up to this momont I hare stflted, so far ns T ItnoW; 
nothing but well-authenticated facts, and the imniediati 
conclusions which they force upon the mind. 

But the mind is so constituted that it does no' 
willingly rest in facts and immediate causes, but socks 
always after a knowledge of the remoter links in th^ 
chain of causation. 

Taking the many changes of any given spot of th 
earth's surface, from aea to land and from land to sea, 
aa an established fact, we cannot refrain from askin_ 
ourselves how these changes have occun-cd. And Tvhen 
we have explained them — as they must be explained 
— by the alternate slow movements of elevation 
and depression which have atfeeted the crust of the 
earth, we go still fiuther back, and ask, Why these 
movements ? 

I am not certain that any one can give you a satis- 
factory answer to that question. Assuredly I cannot. 
All that can be said, for certain, is, that such movements 
are part of the ordinary course of nature, inasmuch as 
they are going on at the present time. Direct pi-oof 
may be given, that some parts of the land of tlio 
northern hemispheve are at this moment insen>ril»ly rising 
and others insensibly sinking; and tlicrc is indirect, but^ 
jxirfectly satisfactory, pi-oof, that an enormous area now fl 
covered by the Pacific has been dccjM-ncd thousanda of ^ 
feet, since the present iuhabilauts uf that sea came into 
existence. 

Thus there is not a shadow of a reason for belici 
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that the physical rhonges of Uie globe, in ■poet 
have (Mien effected by other than natoral causes. 

la there aay more reason for believing; that the coDComi- 
tant morlificatioiia In the forms of the living inhiLhitanU 
of the globe have been brought about io other waj-s ! 

Before attempting to answer this question, let us tij 
to form a distinct mental picture of -wluit hiu hiippcucJ, 
in some special caae. 

The crocodiles aie animals whicli, as a group, ha,Te a 
very vast antiquity. They abounded ages before the 
ebedk iras deposited ; tJiey throng the rivers in wnmt 
cUnrnteft, at the present day. There is a difference id 
the form of the joints of the back-bone, and in som« 
minor particulars, lietween the crocodiles of the prestnt 
epoch and tliosc which lived before the chalk ; but, in 
the cn;taceoua epoch, as I have already meationed, the 
crocodiles had assumed the modem type of structure. 
NotwithutandiDg this, the crocodiles of the chalk are 
not identically the some as tliose which lived in the 
times called "older tertiary," which succeeded the cre- 
taceous epoch ; and the crocodiles of the older tertiaries 1 
arc not identical with those of the newer tertiarics, nor | 
are these identical with existing forms. I leave open ] 
the question whether particular species may have lived 
on from epoch to epoch. But each epoch has had its 
peculiar crocodiles; though all, since the chalk, have 
belonged to the modern tj'pe, and difibr simply in their 
pi'opoi-tions, and in such structural particulars as ate 
di&cernible only to trained eyes. 

How ia the existence of this long succession of dif- 
ferent species of crocodiles to be accounted for T ^H 

Only two suppositions seem to be open to U3 — ^Eith^^ 
each species of crocodile baa been specially created, or it 
has arisen out of some pre-exiating form by the 
tiou of natural causes. 





Clioose your hypothesis ; I have chosen mine. I ci 
find no warranty for believing in the distinct creation 
a score of successive species of eroeotlilca in the course of 
countless ages of time. Science gives no countenance' 
to auch a wild fancy ; nor can even the perverse 
ingenuity of a commentator pretend to discover thi 
sense, in the Bimple worda in which tiie writer 
Genesis records the proceedings of the fifth and six 
days of the Creation. 

On the other band, I see no good reason for doul)tinrr 
the necessjiiy alternative, that all these varied spec 
have been evolved from pre-existing crocodiliiin ion 
by the operation of causes as compk^tely a ptirt of th' 
common order of nature, as those which have effected 
the changes of the inorganic world. 

Few will venture to affirm that the reasoning which 
applies to crocodiles loses its force among other animals, 
or among plants. If one series of species has come into 
existence by the operation of natural causes, it Boema 
folly to deny tliat all may have arisen in the same way. 

A small beginning has led us to a great ending. If 
were to put the bib of chalk with which we stalled into 
the hot but obacorc ilamc of burning hydrogen, it would 
presently shine like the sum It scorns to mc that tills 
physical metamorphosis is no false image of what has 
been tlie result of our subjecting it to a jet of fervent, 
though nowise brilliant, thought to-night. Jt has become 
luminous, and its clear rays, penetrating the abyss of 
the remote past, have brought within our ken some stages 
of the evolution of the earth. And in the shifting '* with- 
out haste, but without reiit" of the land and sea, as in tbci 
endlesg variation of the forms assumed by living hcings, 
we have ohser%'ed nothing but the natural product of tho 
liurcea oriyinaily possessed by the bubstauce of tliu uuiveraei 
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Merchants occasionally go tlirotigli a wliolosome, tTiou^l 
troublesome and not always satisfactory, process wliii 
they term "taking stock." After all the excitement oi 
peculation, the pleasure of ^ain, and the pain of loss, 
the trader makes up hia mind to face ticts and to 
lc4tm tbe exact quantity and quality of Ms solid and 
reliable possessioiis. ^M 

The man of science does well Bomctimes to imitat^' 
this procedure ; and, forgetting for the time the import- 
ance of his own small winnings, to re-esamino tbe 
common stock in trade, bo that he may make sure how 
far the stock of bullion in the cellar — on the faith of 
whoae existence so much paper baa been circulating- 
ia really the solid gold of truth. 

The Anniversary Meeting of the GeologifflJ Sooiet 
seems to be an occasion well Buitcd for an undertakinc 
of this kind^for an iuquiiy, in fact, into the nature and— 
value of tbe present results of paUeontologicid investi^ 
gation; and the more so, as all those who have paid 
close attention to the late multitudinous discusstona 
in which palceontology is implicated, must have felt 
the ui^nt neeeesi^ of some such uerutiuy. 
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First in ordop, as tbe moat dofiuite and unqucstionaljlo 
of all the residta tif piiliBontology, mugt bo mentioned 
the immense extensicm and impulse given to botany, 
zoology, and compai-ative auiitomy, by the investigation 
of fossil remains. Indeed, tbe mass of biological facts 
has been so givatly increaaed, and the range of biological 
speculation has been so vastly widened, by the researcben 
of the geologist and palteontologist, that it is to be feared 
there are naturalists in existence who look upon geology 
as Brindley regarded rivers. " Rivers," said the great 
engineer, " were made to feed canals ; " and geology, 
tome seem to think, was solely created to advance com- 
parative anatomy. 

Were such a thought justifiable, it could hardly expect 
to be received with favour by this assembly. But it 
is not justifiable. Your favourite 8cien;;e has her own 
great aims independent of all others ; and if^ notwibh- 
Klauding her steady devotion to her own progress, she 
can scatter such rich alms among her sisters, it should 
be remembered that her charity is of the sort that 
docs not impoverish, but " blesaeth him that gives and 
him that takes." 

Begard the matter as we will, however, tbe facta 
remain. Nearly 40,000 species of animals and plants 
have been added to the Systema Natiirre by palseonto- 
logical research. This is a living population equivalent 
to thiit of a new continent in mere number ; equivalent 
to that of a new ht-misphere, if we take into account the 
pniail population of insects as yet found fossd. and the 
hii^e proportion and peculiar organization of mauy of 
the Vertebrata. 

But, beyond this, it ia perhaps not too much to say 
that, except for the necessity of interpreting palseonto- 
logical ihcts, the laws of distiibution would have received 
less coi'cful study; while few compaiative anatomists 
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(and those not of the first order) would ha'^'e been 
induced by mere love of detail, as such, to study tlie 
minutiae of osteology, Tvorc it not that In such minutla 
lie the only keys to the most interesting riddles oltcied 
by the extinct ftniiua! world. 

These assuredly are great and solid goina. Surely it 
is matter for no small congratulation that in half a cen- 
tury (for palajontolojiy, though it dawned earlier, came 
into full day only with Cuvit-r) a subordinate branch of 
biology should Lave doubled the value and the inter 
of the whole group of sciences to which it belongs. 

But this is not all. Allied with geology, palffioi— 
tology has estahlished two laws of inestimahle import- 
aiici; : the first, that one aud the same area of the earth's 
surface has lieen successively occupied by very different 
kiuds of bviug bt-ings; the second, that the order of 
succession eatabliahed in one locality holds good, approxi- 
mately, in all. ^ 
The first of these laws is universal and irreversibler 
the second is an induction from a vast number of 
ll observations, though it may possibly, and even pro- 
' bably, have to admit of exceptions. As a consequence 
of the second law, it follows that a peculiar relation 
("n.^quently subsists between scrieB of strata, containing 
organic remains, in ditJeront localities. The series 
[ resemble one another, not only in virtue of a general 
resemblance of the ors;anic remains in the two, but also 
i in virtue of a reaemblauce in the order and character 
ll of the serial succession in each. There is a resemblauce - 
of arrangemeut ; eo that the separate terms of each se 
as well as the whole series, exhibit a correspondence. 
Succession implies time ; the lower members of 
, Kories of sedinipntary rofks are certainly older than 
I the upper; and when the notion of ago was once j 
introduced as the equivaleut of aucce.'^sion, it was no J 




iwonder that correspondence in succession came to be 
[looked upon as corrospondcnee in age, or " contem- 

rraneity." Ami, indeed, so long as relative age only 
spoken of, correspondence in succession is correspon- 
dence in age ; it is relative contemporaneity. 

I* 

But it would have been very much better for geolf^ 
if 80 loose and ambi^ous a word as " coutemporaDeous " 
liiid been excluded from her terminology, and if, in its 
iste:id, some term expressing similarity of serial relation, 
luid excluding the notion of time altogether, had been 
employed to denote cori*eapoudence in position in two 
iOr more eerit^a of strata. 

' lu anatomy, where such correspondence of position 
ihas constantly to be spoken of, it is denoted by the 
word '* homology " and ita derivatives ; and for G-eology 
[(which after all is only the anatomy and physiology 
lOf the earth) it might be well to invent some single 
word, such as "homotaxis" {similarity of order), iu 
order to express an esacntially similar idea. This, how- 
ever, has not been done, and moat probably tho inquiry 
will at once be made — To what end burden science with 
'a new and strange term in phice of one old, familiar, 
[and p;irt of our common language? 
I The reply to thia question will become obvioua aa 
ithc inquiry into the results of palteoutology i& pushed 
I further. 

Those whose busiuesa it ia to aequaint themselves 
[Bpeeially with the works of pala)onlcUigiats, in fact, 
[will bo fully aware that very few, if any, would rest 
satisfied with such a statement of the conclusions of 
their biunch of biology as that which has just been 
[given- 

I Our standard repertories of paheontology profess to 
'teach us far higher things — to dlKcIuse the eutire auc- 
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cession of living fonns upon the surfarc of the ploW; 
to tclt us of a wholly ditfercnt disLributioa of climatic 
conditions in ancient times; to reveal the character 
of the first of all living existences; and to trace oat 
the law of progress from them to ua. 

It may not be unpro6talile to bestow on tbese pio- 
foasions a somewhat more critical examination than 
they have hitlierto received, in order to ascertain how 
far tiiey rest on an irrefragable basis ; or whether, afler 
all, it might not be well for paleontologists to leara 
a little more carefully that scientific " ara artium," the 
art of sajTiag "I don't know." And to this end let 
us define somewhat more exactly the extent of thew 
pretensions of palEeontology. 

Every one is aware that Professor Broun's " Unb 
auchungen " and Profeasor Pictet's " Traits de Pal^onT 
tologie" are works of standard authority, iamiliarly 
consulted by every working palieontologist It is desi]> 
able to speak of these excellent books, and of their 
distingiiisned authors, with the utmost respect, and in 
a tone ua far as possible removed from carping criticism j 
indeed, if they are specially cited in this place, it ii 
merely in justification of the assertion that the follow- 
ing propositions, which may be found implicitly, op 
explicitly, in the works in question, are regarded by 
the mass of palseontolo^ts and geologists, not only 
on t>ho Continent but in thia country, as expressip-j 
Bome of the b^st-establisbed results of palieontologjgri 
Thus:— ■ 

Animals and plants began their existence together, 

not long after the eommeneement of the deposition of 

the spflimentaiy rocks ; and then succeeded one another, 

in such a manner, that totally distinct faunae and florae 

I occupied the whole suri'ace of the earth, one after tbd 
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A geological formation is the aura of all the strata 
eposited over the whole surface of the earth during 
■ne of these epochs : a geological fauna or flora ia the 
uin of all the species of animals or plants which 
ccupied the whole surface of the globe, during one 
E>f these epochs. 

The population of the earth's surface was at first 
Very similar in all parts, and only from the middle of 
the Tcrtiarj- epoch onwards, began to ahow a distinct 
distribution in zones. 

The constitution of the original population, as well 
as the numerical proportions of its members, indicates 
a warmer and, oa the whole, somewhat tropical climate, 
which remained tolerably equable throughout the year. 
The subsequent distribution of living beings in zones 
is the result of a gradual lowering of the general 
temperature, which Hi'St began to bo felt at the 
polea. 

It is not now proposed to inquire whether these 
doctrines are true or false; hut to direct your atten- 
tion to a much eimpler though very essential preliminary 
question — What is their logical basis ? what are the 
fundamental asBumptions upon which they all logically 
depend ? and what is the evidence on which those 
fundamental propositiona demand our assent 1 

These assumptions are two ; the first, that the com- 
mencement of the geological record is coeval with the 
commeueement of Efe on the glubc ; the second, that 
fft-ologieal contemporaneity is the same thing as chrono* 
^ieaJ synchrony. Without the first of these assump- 
tiona there would of course be no ground for any 
statement respecting the commencement of life ; with- 
out the seconil, all the oflier stateraenta cited, every 
pne of which implies a knowledge of the atiLte oi 
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^iBerpnt parts of the earth at one and the same timei 
will be no less devoid of demnnstnition. 
~" The first assumption obviously resta entirely on 
ncgati\'e evidence. This is, of course, the only evidence \\ 
that ever cau Iw available to prove the commencement 
of any series of phaenomena ; but, at the same time, 
it must be rpcollected that the value of negative 
evidence depends entirely on the amount of pceitive 
corroboration it receives. If A. B. wishes to prove an 
alibi, it is of no use for him to get a thousand witnesst-a 
simply to swe;ir that tliey did not see liim in such 
and such a place, utdcss the witne&sca are prepared 
to prove that they must have seen, him had he been 
there. But the evidence that animal life commenced 
with the Lingula-flags, e.g., would seem to be exactly 
of this unsatisfactory uncorroborated sort The Cam- 
brian witnesses simply swear they "haven't seen any- 
body their way ; " upon which the counsel for the 
other aide immediately puts in ten or twelve thousand 
feet of Devonian eandstones to make oath they never 
saw a fish or a mollugk, though all the world knows 
there were plenty in their time. 

But then it ia urged that, though the Devouiau 
rocks in one part of the world exhibit no fossils^ in 
another they do, while the lower Cambrian rocks no- 
where exliibit fossils, and hence no living being could 
have existed in their epoch. 

To this there arc two replies : the first, that the 
observational basis of the assertion that the lowest 
rocks are nowhere fossilifyrous is an amazingly small 
one, seeing how very small a,n area, in comparison to 
that of the whole world, ha;; yet been fully searched; 
the sucond, that the argument ia good for nothing unleui 
the unfoesilifcrous rocks m question were not only 
^ntem^omnnous in the gculo^icul auuse, but sijhchrono 
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in tlie dironoIogicaJ sense. To use the alibi illusttatioul 
agaia If a man wiahes to prove be was in neither 
of two places, A and B, on a, given day, his witnesses 
for each place must be prepared to answer for tho 
whole day. It they can only prove that he wus not^ 
at A in the morning, and not at B in the afternoon, 1 
tho evidenee of his absence from botli is nil, because) 
he might have been at B in the morning and at A in ' 
the afternoon. 

Thus everything depends npon the validity of tho 
eecond assumption. And we must proceed to inquire 
what is the real meaning of the word "contemporaneous" 
as employed by geologiatij. To this end a couei-ete 
example njiiy l>e taken. 

The Liu,3 of Eugland and the Lias of Germany, the , 
Cretaceous rocks of Britain and the Cretaceous roekaB 
of Southern India, arc termed by geologists " contem- ^ 
poraneous" formations; but whenever any thonghtf'ul , 
geologist is asked whether he means to say that tht:y^B 
were deposited synchronously, ho saya, "No, — only™ 
within the same great epoch." And if, in pursuing i 
the inquiry, he is asked what may be the approximator 
value in time of a " great epoch " — whether it meana™ 
a hundred years, or a thousand, or a million, or ten , 
million years — hia reply is, "I cannot tell." fl 

If the further question be put, whether physical" 
geology is in possession of any method by which the 
actual synchrony {or the reverse) of any two distant 
deposits can be ascertained, no such method can bo 
beard of; it being admitted by all the best aiithoritiei 
that neither similarity of mineral composltion.nor 
physical character, nor even direct continuity of stratui 
are absolute proofs of the synchronism of even approxi-- 
mated sedimentary strata ; while, for distant deposits, 
there ecems to be no kind of pbysicnl evidence attaiiVj 
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bUg of a nnture competent to decide whether bdc^ 
deposits were funned simultiineously, or whether they 
poasi-ss nny given difference of antiquity. To return 
to an example already given. AH competent authoritieB 
will proljably assent to the proposition that physical 
geology docs not enable us ia any way to reply id 
tliis question — Were tho British Cretaceous rocks depo- 
sited at the same time as those of India, or are they t 
million of years younger or a million of years older ? 

Ib paliEontology able to succeed where phj-sical 
geology iaila ? Standard writers on j>alaBontoiogy, as 
has been Be«n, a^ume that she can. They take it for 
granted, that deposits containing similar organic remaiiiB 
are synchronous — at any rate iu a broad sense ; awl 
yet, those who will study the eleventh and twelfth 
chapters of Sir Heury De la Becho's remarkable "Re- 
searches in Theoretical Geology," published now nearly 
thirty years ago, and will carry out the arguments 
there most luminously stated, to their logical conse- 
qencea, may very easily convince themselves that 
e^en absolute identity of organic contents is no proof 
of the synchrony of deposits, while absolute diversity 
ia no proof of dirierouce of date. Sir Henry De la 
Beche goes even further, and adduces couclusivc evideneo 
to show that tho diHerant pai'{:a of one and the same 
atratum, having a similar eompositiou throughout, con- 
taining the same organic n^mains, and having similar 
beds above and below it, may yet dilTcr to any con- 
ceivable extent in age. 

Edward Forbes was in the habit of asserting that 
the similarity of ihe organic contents of distant forma- 
tions waa primd facie evidence, not of their Eimilority, 
but of their difference of age ; and holding as he did 
the doctrine of single specific centres, the conclusion 
wai ua legitimate as any other; for the two disti-ictd 
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■uust have been occupied by migration from one of the 
Bwo, or from an intermediate spot, and the chanceB 
jBgainst exact coincidence of migration and of imbedding 
pure infinite. 

In point of fact, however, whether the hypothesis 
of single or of multiple spucifie centres be adopted, 
limiJarity of organic contents cai^not possibly afford 
my proof of the synchrony of the deposits whicli 
contain them ; on the contrary, it ia demonstrably 
compatible with the lapse of the most prodigious 
intervals of time, and with interposition of vast changes 
in the organic and inorganic worlds, between the epoclis 
jji which such deposits were formed. 

On what amount of similarity of their faun;© is the 
doctrine of the contemporaneity of the European and 
of the North American Siluriaua based ? In the last 
edition of Sir Charles Lyell'a "Elementary Geology" 
it is stated, on the authority of a former President of 
this Society, the late Daniel Sharpc, that between 
30 and 40 per cent, of the species of Silurian MoUusca 
are common to both sides of the Atlantic. By way 
cf due allowance for further discoveiy, let ua double 
■the lesser number and suppose tliat 60 per cent of 
the species ai'e common to the North American and 
the British Silurians. Sixty per cent, of apecies in 
common is, then, proof of contemporaneity. 

Now suppose that, a million or two of years hence, 
vhen Britian bus made another dip beneath the sea 
and has come up again, some geologist applies this 
(doctrine, in comparing the strata, laid bare by the 
upheaval of the bottom, aay, of Kt. George's Channel 
iv'ith what may then remain of the Suffolk Crag. 
Reasoning in the sjime way, he will at ouce decide 
the Suffolk Crag and the St, George's Channel beds 
to be contemporaneous ; although we hiippen to laiow 
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tliat a vast period (even in the ^^lofpcal sense) of 
time, and [>liy$iuil ciiaijgc;^ of altiiust uuprccedeat 
extent, separate the two. 

But if it be a demonstrable fact that strata «»•" 
taining more than. 60 or 70 per cent of species of 
MoUusca in common, and comparatively close together, 
may yet be separated by an araoxint of geologie:U tinw 
sufficient to allon- of some of the greatest physical 
changes t4ie world has seen, what becomes of that 
sort of contemporaneity the sole evidence of which 
is a similarity of fiaciea, or the identity of half a doz 
species, or of a good many genera ? 

j\iid yet there is no octter evidence for the contem- 
poraneity nssuraod by all who adopt the h}'potheses 
of utuvcisal fauuse and tloi'ie, of a universally uniform 
climate, and of a sensible cooling ci the globe during 
geological time. 

There seems, then, do escape ijom the admission that 
inithor physical geoh»;,'y, nor paI«;i)ntology, posse^ea 
any method by which the absolute synchronism of two 
strata can be demonstrated. All that geology can 
prove is local order of succession. It is mathematically 
certain that, in any given vertical linear section of an 
undisturbed series of sedimentary deposits, the bed 
which lies lowest is the oldest. In any other vertical 
linear section of the same series, of course, correapondii^ 
beds will occur in a similar order ; but, however great 
may be tlie probability, no man can say with absolntfl 
cartainty that the beds in the two sections were s^-ii. 
ehronously deposited. For areas of modi^rate extent, 
it is doubtless true that no practical evil is likely to 
result from assuming the corresponding beds to be 
synchronous or strictly contemporaneous; and there 
are multitudes of accessory circumatancca which may 
fully juijtiiy the assumption of such syuehrouy. But 
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the moment the geologist haa to deal witli large areas, 
or wil.h completely separated deposits, the mischief 
of confounding that " homotaxia " or " similarity of 
iu-rangement," which can be demonstrated, with "syn- 
chrooy" or "identity of diitc," for which there is not, 
a shadow of proof, under the one common term o] 
■' conlemporaueity " becom(!s incalculable, aud prove 
tiie constant aouree of gratuitous spcculiitiona. 

For anything that geology or palyeontology arc able 
to show to the i:;ontrai-y, a Devonian fauna and flora 
in the British Islands may have been contemporaneo 
with Silurian life in North America, and with a Car-^ 
boniferous fauna and tiura in Africa. Geographical p, 
vinces and zones may have been as distinc^tly mai'kcd 
the Palaeozoic »?poc;h as at present, and those accniiugl^ 
sudden appeaiiuices of new genera and species, which Wi 
ascribe to new creation, may be simple results of migration.; 

It may he so ; it may ^e otherwise, In the present 
condition of our knowledge and of our methods, one 
verdict— '* not proven, and not provcablc" — must be 
recorded against all the grand hypotheses of the palaion 
tologhit respecting the general succeasion of life on tho 
globe. The order and nature of terrestrial life, as 
whole, are open questiona. Geology at present provides, 
us with most valuable topographical records, but she 
has not the means of working them into a uuiversjil 
history. Is such a universal history, then, to bo regaided. 
as unattainable t Are all the grandest and most in-, 
teresting problems which offer themselves to thi 
geological student essentially insoluble ? Is he in the 
position of a scientific Tantalus — doomed always to 
thirat for a knowledge which he cannot obtain? Tho; 
ttjvetse is to be hoped ; nay, it may not be impossible 
to indicate the source whence help will tome. 

In commencing these remarks, mention was made of^ 
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the great obligations under which the naturalist lies tfl 
the geologist and paliyoutologist Assuredly the tirn^ 
will come when these obligations will be repaid tenfold, 
and when the maze of the world's past history, through 
which the pure geologist and the pure pal;eont/>lowt3t 
find no guidance, will be securely threaded by the clue 
furnished by the naturalist M 

All who are competent to express an opinion on tl^ 
subject are, at present, agreed that the manifold varieties 
of animal and vegetable form have not either come into 
existence by chance, nor result from capricious excrtioaa 
of creative power; but that they have taken place io a 
definite order, tlic statement of which order is what 
men of science term a natural law. "Whether such & 
law is to bo regarded as an expression of the mode of 
operation of natural forces, or whether it is simply a 
statement of the manner in which a supernatural power 
has thought fit to act, is h secondary question, so long 
as the existence of the law and the possihiHty of its 
discoveiy by the human intellect are granted. But be 
must be a half-hearted philosopher who, believing in 
that pwsibility, and having watched the gigantic atiidea 
of the biological sciences during the last twenty ycais, 
doubts that science will sooner or later make this furtlier 
step, so as to beeome possessed of the law of evolution 
of organic forms — of the unvarying order of that great 
chain of causes and efiecta of which all organic forma, 
ancient and modern, are the links. And then, if ever, 
we shall he able to begin to discuss, with profit, the 
questions respecting the commencement of life, and the 
nature of the succesaive populations of the globe, whieh 
Bo many seem to think arc already answered. 

The preceding arguments mnkc no particulnr claim 
novelty ; indcci they have been floating more or le 
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clisliiictly before tho minda of geologists for the laat 
thirty years ; and if, at the present time, it has seemed 
desirable to give them more definite and systematic 
expression, it is because palfcontology is every day 
assuming a greater importance, and now requires to 
rest on a basis the firmueas of which is thoroughly well 
iiH-snred. Among its fundamental conceptions, there 
must be no confusion between what is certain and 
what is more or loss probable.' But, pending the 
construction of a surer foundation than palfeontologj' 
now possesses, it may be instructive, aesumtng for the 
nonce the general correctness of the ordinary hypothesis 
of geological contemporaneity, to consider whether the 
deductions which are ortliuarily r)rn,wn fi'om the whole 
body of palffiontological facts are justifiabla 

The evidence on which sticb conclusions are based is 
of two kinds, negative and positive. The value of 
negative evidence, in connexion with this inquiry, has 
been so fully and clearly discussed in an address from 
the chair of this Society,* which none of us have 
forgotten, that nothing need at present be said about 
it ; the more, as tho considerations which have been 
laid before you have certainly not tended to increase 
your estimation of such evidence. It will be preferable 
to turn to the positive facta of palfeontology, and to 
inquire what they tell ua. 

We are all accustomed to epcak of the number and 
the extent of the changes in the living population of 
the globe during geological time as something enoi-mous; 
and indeed they are so, if we regard only tho negative 
differences which separate the older rocks from the 
more modem, and if we look upon specific and generic 

' *• Le ploB grand aeirice qu'on puiese rendre i la. scicnoe est d'y liuro plic* 
fecttc ttvaiit 't'y ritin conatruine." — CnviHR, 

* Aumvuruoj Addrcdij foe l&<ii, Quiixb, Joum. G«o\.%tx^. ^lA.*^ 
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phanges as great changes, wLieli from one point of nv 
Llie/ truly are. But leaving the negative diflercno^ 
imt of consideration, and Ifwking only at the positive 
i!jita furoisbed by the fossil world from a broader poiut 
of view — from that of the comparative anatomist wlio 
Laa made the study of the greater modifications of 
animal form his chief bosiness— a surprise of another 
kind dawns upon tho mind ; and under this aspeet the 
smallness of the total change becomes as astouishiiig «^ 
was its greatness under the other. ^M 

There are two hundred known orders of plants; ™ 
these not one is certainly known to exist exclusively 
in the fossil state. The whole lapse of geological time 
haa as yet yielded not a eingle new ordiflol type d 
Aooetable etructurc.^ 

The positive change in paesing frtun the recent to the 
aacicut animal world is gieater, but still singularly 
gmall. No fossil animal is so distinct from those now 
living as to require to be arranged eren in a separate 
class from those which contain existing forms. It is 
only when we come to the orders, which may be 
roughly estimated at about a himdred and thirty, that 
we meet with fossil animals so distinct from tiiose now 
lining an to require orders for themselves ; and these do 
not amount, on the most lilxtral estimate, to more thau 
about 10 per cent of the whole. 

There is no certainly known extinct order of Protozoa ; 
there ia but one among the Coelenterata — that of tho 
rugose eoLiilfi ; there is none among the Mollusca ; there 
are three, the Cystldca, Blastoidea, and Etlrioasterida, 
among the Ecbinodernis ; aud two, the Trilobita and 
]'"urj"]>terida, among the Crustacea; making altogether 
live ibr the great sub-kingdom of Annulosa. Amouj; 

■&M Hoolui'ii " lutniilucUii; 'Esaaj to tbe Floift of TuoianU/ 
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Vertebrates there id do otdinallr distinct fusdl fish: 
there is only one estinct order of Amphibia — the Laby- 
rintbodonts ; but there are at least four distinct orders 
of Replilia, viz. the Ichthyosauria, Plesiosauria, Ptoro- 
Baurifl, Dinosauria, and perhaps another or twa There 
is DO known extinct order of Birds, and no certainly 
knovm extinct order of Mammal^ the ordinal distinct* 
ness of the " Toiodontia " being doubtfoL 

The objection that broad statements of this kind, after 
all, rest, largely on negative evidence is obvious, but it 
has less force than may at first be supposed ; for, as 
might be expected from the circumstam-ys of the caee, 
we possess more abundant positive evidence regarding 
fishes and marine Mollusks than respecting any otlier 
forms of animal life ; and yet these offer us, iJiroiigh tlie 
wholi; range of geologicaJ time, no species oi\UnftriIy 
distinct from those now living ; while the far loss 
numerous floss of Echinoderms presents thr^e, and the 
Crustacea two, such orders, though none of these como 
down later than the Palaeozoic age. Lastly, tlie Rcptilia 
present the estj-aurdinary and exceptional pLaenomenon 
of as many extinct as existing orders, if not more ; the 
four menlioued maintaining their existence from tlie 
Lias to the Clialk Lticlusive. 

Some years ago one of your Seci'ctaricR pointed out 
another kind of positive paieeontologieal evidence tend- 
ing towards the same conclusion — otforded by the 
existence of what he tonned "persistent types" of vege- 
table and of animal lifc^ He stated, on the authority 
of Dr. Hooker, that there are Carbonilerous plants which 
appear to be gencrically identical with some now living ; 
that the cone of the Oolitic Araucaria is hardly distiu- 

1 See the nfcstract ofnl^etiire "On Ihp PpwiuipM. Typiatof An'niat LIAl 
In lJi« " Nuiktij or titti Me«tiji>ri( uS tlin lIuj'iU Iii^itiuitluii of Urcnt. Krituin,* 
--Jr»8 3»iB5U, vol. Li. p. IM. 
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gnuhable from that of an ciisrinif uppcics ; that a tnM 
I*imai appears in the PiirlK:eks, and a Juglans in tbe 
Cbalk; while, from the fiagshot Sands, a Banisia, the 
wood of which is not distinj^uishable from that of speci«8 
now living in Australia, bad been obtained. 

Taming to the animal kingdom, he affirmed the tabu* 
late corals of the Silurian rocks to be womlerfully like 
those which now exist ; while even the families of the 
Aporosa were all represented in the older Mcsozoic 
rocks. 

Among the MoUusca similar facts were adduced 
Let it be borne in mind that Avicuia, MytaSh, Chiton, 
^atica. Patella, Tmchvt, DisciTia, Orbicula, Lintjxda, 
Hhynchonella, and Nautilus, all of which are existing 
geneTOt are given without a doubt as Silurian in the 
last edition of " Siluria ; " while the highest forms of 
the highest C'ephalopoda are reprcaented m the Lias by 
a genus, Belemnoteuihi,^, which pitisenta the closest rcht- 
tion to the existing Lcligo. 

The two highest groups of the Annulo&a, the Insects 
and the Aracbriida, are represented in the Coal, either 
by existing genera, or by forms diflering from existing 
genera in quite minor peculiarities. 

Taming to the Vertebrata. the only palaeozoic Eias- 
mohraneh Fish of which we ha^e any complete know- 
ledge is the Devonian and Carhooiferoua Fleuracantkus, 
which differs no more from existing Sharks than th«M 
do from one another. 

Again, vast as is the namber of undoubtedly Ganoid 
fosBil Fishes, and great as is their range in time, a laige 
mass of evidence has recently been adduced to show thftt 
almoat all those respecting which we possess sufficiait 
information, are referable to the same sub-ordtnal groapB 
as the existing Lepidosteu^, Folyptcrus, and Sturgeon ; 
and that a slnguiar relation obtains between the oldci- 
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and the youuger Fiahea; the forraer, the Devonian 
(Janoids, being almost all members of the same sub-order 
as Polypterus, while the Mcsozoic Ganoids are almost 
aU simUarly allied to L^ido^teus.^ 

Agam, what can be more rcBiarkablo than the aingalar 
constancy of structure preserved throughout a vast period 
of time by the family of the Pycnodonta and by that 
of the true Ccelacantha : the former persisting, with but 
insignificant modifications, from the Carboniferous to the 
Tertiaiy rocks, inclusive ; the latter existing, with still 
less change, from the Cajrboniferous rocks to the Chalk, 
incluaive f 

Among Reptiles, the highest living group, that of the 
Crocodilia, is represented, at the early p:irt of the Mcsozoic 
epoch, by species identical in the essential characters of 
their organization with those now living, and diiiciing 
from the latter only in such mattei-s as the form of the 
urticular facets of the vertebral centra, in the extent 
to which the nasal paasagea arc separated from the 
cavity of the mouth by bone, and in the proportions 
of the Umba. 

And eveu as regards the Mammalia, the scanty 
remains of Triaesic and Oolitic species afford no founda- 
tion for the 6i]pposition that the organization of the 
oldest forms dift'erod nearly so much from some of those 
which DOW live as these differ from one another. 

It is ncedlefts to multiply these instances ; enough has 
been said to justify the statement that, in view of the 
immense diversity of known animal and vegetable forms, 
end the enormous lapse of time indicated by the accumu- 
lation of fossiliferous strata, the only circumstance to be 
wondered at is, not that the changes of life, aa exhibited 

' "MeniolrB oi Ibc Geological Survey of the tjnited Kinirfam,— Decade X. 
Prtliuiiitary E^iiiy ujjot lL« £y:t«iiuitic Ajrangtuiiviit of the I'ishps cf tba 
Itoronisn Kpodi.'' 
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by positive evidence, have bceu so great, but that iLey 
have bccD m small 

Be they great or Rraallj bowovcr. it la desirable to 
attempt to estimate them. Let as, therefore, take each 
great division of the animal world in succession, and, 
whenever an order or a family can be shown to have 
had a prolonged existence, let us endeavour to sscertain 
how far th« liitcT members of the group differ from the 
earlier ones. If these later membera, in all or in many 
cases, exhibit a certain amount of modification, the fact 
is, 80 far, evidence in favour of a general law of change ; 
and, in a rough way, the rapidity of that cLinge will be 
measured by the dGmonstrable amount of raodifieation. 
On the other hand, it must be recollected that the 
absence of any modification, while it may leave the 
doctrine of the existence of a law of change without 
positive support, cannot possibly disprove all forms of 
that doctrine, though it may afford a sufficient i-el"uta- 
tion of many of them. 

The Protozoa, — The Protozoa are represented througli- 
out the whole range of geological series, from the Lower 
Silurian formation to the present day. The mo^ 
ancient form.^ recently made Imown by Ehrenbeig are 
exceedingly like those which now exist : no one has ever 
pretended that tlic difference between any ancient and 
any modern Foraminifera is of more than generie valuo 
nor are the oldest Foraminifera either einipler, more 
embryonic, or less differentiated, than the existing forms. 

The CffiLENTKRATA. — The Tabulate Corals have existed 
from the Silurian epoch to the present day, but I am not 
aware that the ancient IJeliolifcs possesses a single mark 
of a more embryonic or less differentiated character, of 
leaa high organization, than the existing Heliopora. Aa 
for the AporoBc Corals, In wliat respect i& the SU 
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Pulfsnoijcllis less highly organized or more embryonio 
than the modern Fungia, or the Liasaic Aporoaa thaHj 
the esistiDg members of the same families ? 

The Mollusea, — In whac sense is the living Wtt/cJ-] 
heiTnia \em embryonic, or more specialized, than tbftj 
paiieozoic Spirifer ; or the existing Hkynchondld, C?a-\ 
rtifE, Discirus, hingidcB, than the Silurian species of thel 
same general In what sense can Loligo or Spir-ula 
be BJiid to be more specialized, or lesa embryonic, than 
Belemnites ; or the modem species of Lamellibraach and 
Gasteropod genera, than the Silurian species of the same 
genera 1 

The Ahndlosa. — The Carboniferous Insecta and Aracb- 
nida are neither leas specialized, nor more cmbiyonic, 
thaa those that now live, nor are thu Liassic C'irripedla j 
aud Macrura ; while several of the Brachyura, whicbH 
appear in the Chalk, belong to existing genera; and" 
none exhibit either an intermediate, or an embryonic, j 
character. fl 

The Vertebrata. — Among fishes I have referred to 
the Coelacanthini (comprising the genera CeElacanthuSf. 
Jlohphaf/its, Undiiia, and Macropoma) as affording ai 
example of a persistent type ; and it is most remarkable 
to note the smallness of the ditlercncea between any 
these tiahea (affecting at most the proportions of the 
body and fins, and the chai-acter and sculptm-e of the 
scales), notwithstanding their enormous range in time 
In all the essentials of its very peculiar structure, the 
Macf-opoma of the Chalk is identical with the CmU/can^. 
thus of the Coal. Look at the genns Lepuhlim, again,'! 
nersiHting without a modification of importance ti-om Xh&\ 
liiassic to the Eocene formations inclusive. 

Or among the Toleostei — in what respect is the Ber^f. 
of the Chalk more embryonic, or less difTcrcntiatcd, thai 
Seifjx linealua of King George's Sound I 
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Or to turn to the higher Vertebrata — in what sense 
are the Lia&sic Chclonia inferior to those which now 
exist ? liow are the Cretaceoua Ichtliyoeauria, Pleaio- 
sauria, or Ptorosauria leas embryonic, or more diffe^ 

: entlated, species than those of the Lias ? 

f Or lastly, in what circumstance is the Pliascolotl^rmm 
more embryonic, or of a inoro generalized tj'^ie, than Uw 
modern Opossum ; or a Lophiodon, or a Pakuotherium^ 
than a modern Tapirus or Hyrax ? ^M 

Tlieue exiimples might be almost indefinitely multt- 
]>Iieil, but eurcly they are sufficient to prove that the 
only safe and imquestiotiable testimony we caji procure 
— positive evidencte — fails to demonstrate any sort of 
progressive modification towards a less embryonic, or less 
generalized, type in a great many groups of animab of 
long-coutinued geolngieal existence. In thcj^e gruups 
there is abmidiiut evidence of variation — none oi what 

I is ordinarily undcratood aa progression ; and, if tic 
known geological recoixl is to be regarded as even any 
considerable fragment of the whole, it is inconceivable 
tliat any theory of a necessarily progressive development 

' can stand, for the numerous ordei-s and families cited 
afford no trace of such a process. 

b But it is a most remarkable fact, that, while the 

groups which have been mc7ilioned, and many besides, 

, exhibit no sign of progressive modificatiun, there are 

I others, co-existing with them, under the same conditions, 
in which more or less distinct indications of such ft 
procese seem to be traceable. Among such indicatioDS 

I I may remind you of the predominance of Holostome 
Gasteropoda in the older rocks as compared with that of 
Siphonostome Gasteropoda in the later. A case less open 

; to the objection of negative evidence, however, is that 
afTorded by the Tetrtibranchiate Cepliulopoda, the fovwi 
of the eholla and of the septal sutures eshibituig 
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certain increass of complexity in the newer genera. 
Here, however, one is met at once with the occurence 
of Orihooeras and Baculites at the two ends of the 
series, and of the fact that one of the airapleat genera^ 
Nautilus, is that which now existe. 

The Crinoidea, in the abundance of Btalked forms in 
the ancient formations as compared with their present 
rarity, seem to present us with a i'air case of modification 
from a more embryonic towanls a less embryonic con- 
dition. But then, on careful consideration of the facts, 
the objection arises that the stalk, calyx, and anna of 
the pslfeozoic Crinoid are exceedingly difiei"ent from the 
coirespondins; organs of a larval Coviatula;im^ it might 
with perfect justice be argued that Actmocrinus aud 
Eucalyptocrinvs, for example, depart to the full as 
widely, in one direction, from the stalked embryo of 
Comatula,im Comatula itself does in the other. 

Tiie Ecliinidea, again, are frequently quoted aa ex- 
hibiting a gradual passage from a more generalized to a 
more specialized type, seeing that the elongated, or oval, 
Spatangoids appeal' after the spheroidal Eeiiinoids, But 
here it might be argued, on the othiir hand, that the 
spheroidal Ecltinoids, in reality, depart fxirther from the 
general plan and from the embryonic form than the 
elongated Spatangoida do ; and that the peculuir dental 
apparatus and the pcdicellariae of the former are marks 
of at leEist as great differoutiation a& the petaluid ambu- 
hicra and semit^ of the latter. 

Once more, tlie prevuleuce of Macrurous before Bi»- 
chyui"0U8 Pod ophthalmia is, apparently, a fnir piece of 
evidence in favour of progressive modification in the 
bame oriler of Crustacea ; and yet the cjise will not 
«tund much sifting, acting that the Macrurous Podoph- 
tiialmia dejmrt na far in one direction fj-om the common 
type of Podophthalmia, or Irom any embrj'oaic condition 
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of the Brachyura, as the Bmchyura do in the other; 
and that the middle terms between Macrura and 
Brachyuiu — the Anoinura — are little better represented 
Id the older Mosozoic racks than the Brachyixra are. 

None of the cases of progressive modificatiou which 
axe cited from among the Invertebrata appear to me to 
have a foundation leas open to criticism than these ; aim 
if thia be so, no careful reaaoncr would, I think, be in- 
clined to lay very great atreas ujion them. Among the 
Vertebrata, however, there axe a few examples which 
appear to be far less open to objection. 

It is, in fact, tnie of several groups of Vertebrata. 
which have lived through a considerable raiige of time, 
that the cndoskeleton (more particularly the spinal 
column) of the older genera presents a less ossified, and, 
so far, less differentiated, condition than that of tha 
younger genera. Thus the Devonian Ganoids, though 
"most all members of the same sub-order a^ Polypte7'us, 
and pi-eseuting numerous important resemblaoetyi to the 
existing genus, wljich poast^sses biconcave vertebiie, are, 
for the moat paj't, wholly devoid of ossified vertebral 
centra. TheMcaozoic Lepidojiteidae, again, have. iit most, 
biconcave veL'tcbrre, while the existing LepiilostGUs hua 
Salaraandroid, opisthocoelous, vertebree. So, none of the 
Paleozoic Sharks have shown themselves to be possessed 

tof ossified vRrtebrce, while the majority of modem 
Sharks possess such vertebra). Again, the more ancient 
Crocodilia and Lacertilia Imve vertebne with the articulai" 
facets of their centra flattened or biconcave, while 
the modem mcmhera of the same group have thcui 
proccelous. But the most remarkable examples of 
progressive modification of the vertebral column, in «*> 
respondenee with geological age, are those aftbrded by 
the Pycnodonta among fish, and the Labyrin Lhodontt 
among Amphibia. 
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The late aMe ielithyologiat Hcckel pointed out tin* 
fiict, that, wLilii tiio Pycuodonta iiaver posauss truu ver- 
tebral ceutra, they difibr in the degree of expansion and 
extension of tbe cnda of the bony arches of the vertebrae 
upon tbe eheatli of the notochord ; the Carboniferous 
forma exhibiting hardly any such expansion, while the 
Mesozoic genera present a greater and greater develop- 
ment, until, ia the Tertiar}' forms, the expanded ends 
become suturally nniled so as to form a sort of f;tlse ver- 
tebra. Hermann von Meyer, again, to wliose luminous 
researches we are indebted for our present large know- 
ledge of the organization of tbe older Labyrintbodonts, 
has proved that the Carliouiferous Archegosaurits had 
very imperfectly developed vertebral centra, while the 
Triassie MasVdonnaurus had the same ptirta completely 
ossified.^ 

The regularity and evenness of the dentition of tho 
Anoplotheriuin, as contrasted with that of esisting 
Artiodactj'Ies, and the assumed nearer ajiproach of the 
dentition of certain ancient Carnivores to the typical ^ 
ari-angeraent, have also been cited as exemplifications of fl 
a law of progressive development, but I know of no 
other cases based on positive evidence which are worthy 
of particular notice. 

What tlien docs an impartial aux'vey of the positively 
ascertained truths of palseontoiogy testify in relation to 
the common doctrines of progressive modification, which 
suppose that modification to have taken place by a ne- 
cessary progress from more to less erabr}'onic forms, or 
from more to less generalised types, within the limits of 
lie period represented by the foasiliferous roclis 1 

It negatives those doctrinefi ; for it either allows us no 

' As tSb AddrPM ia pMsmg through the prpss (Miirch 7, 1SC9), erid^nct 
lift Iwfiini mc of llie existence of a new Liibyri nlhodojit (Ptiol-ulmjiuU^)^ 
trvnt i\k Kiliiilmrgli iwiU-SeW, wilh veU-oawilled Terceluu! ccntiii. 
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evidence of any such modification, or demonstratps it to 
have betiii very slifjht ; and as to the nature of that 
modification, it yielJa no evidence whatsoever that the 
earlier mt'nihera of any long-continaed group were more 
generalized in structure than the later ones. To a certaia 
extent, indeed, it may be said that imperfect ossification 
of the vertebral column is an embryonic charaeler; 
but, on the other hand, it would be extremely incor- 
rect to suppose that the vertebral columns of the older 
Vertebrata are in any aenae embryonic in their whole 
structure. 

Obviously, if the earlieat fossiliferons rocks now known 
arc coeval with the commencement of life, and if their 
contents j^ve us any just conception of the naturo and 
the extent of the earliest fauna and flora, the insig- 
nificant amount of modification which can be demon- 
strated to have taken place in any one group of animals, 
or plants, is quite incompatible with the hypothesis that 
uU living forms are the results of a necessary process of 
progressive development, entirely comprised within the 
time represented by the fossiliferous rocks. 

Contrariwise, any odmissihio hypthesis of progressive 
modification must be compatible with pei-Bistcneo with- 
out progression, through indefinite periods. And should 
such an hypothesis eventually be proved to be true, in 
the only way in which it can be demonstrated, viz. by 
observation and experiment upon the existing forms of 
life, the conclusion will inevitably present itself, that the 
Palreozoic, Mesozoic, and Caiiiozoic famiffi and fiorje, 
taken together, boar somewhat the same proportion to 
the whole aeries of living beings which have occupied 
this globe, aa the existing fauna and flora do to them. 

Such are the results of palaeontology as they appear, 
and have for some years appeared, to the mind of nn 
iuquii't;r who regards that study simply as one of tfc^ 
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lications of the great biological sciences, and who 
ires to see it placed upon the same sound basis as 
er brauebes of pbysical inquiry. If the arguments 
ch have been brought forward are valid, probably no 
, in view of the present state of opinion, will be 
iued to think the time wasted which Jia-s been apeut 
a their daboration. 




"A gnat reform in gcclcjricDl speculutiou acomB now to bant hreiXDe 
tueeeBsaty.'' 

"It is quit« certain that k great mistske hns been mad*^— that Britiill 
popular (reolocy at tb-a prcsurit tune is iu diriwt opposition to llu) principlH 
of NalUiml Plulusujihy." i 

In reviewing the course of geological thought during 
the paat yi^ar, for the purpose of discovering those 
matters to whieh I might most fitly dii'eet your atteiitiuii 
in tho Address which it uow becomes my duty to deliver 
from the Presideutla! 0ia,ir, the two somewhat ahmniiig 
fientencea whieh I have just i-cad, and which occur in 
an able and interesting essay liy an eminent nsLtuml 
philosopher, rose into such prominence before my mind 
that they eclipsed everything else. 

It surely is a matter of paramount importance for tlw 
British geologists (some of them very popular geologiafc* 
too) here in solemn annual session assembled, to inquire 
whether tlie severe judgment thus passed upon them by 
BO high an authority as Sir William Thomson is one to 
Vhich they muat plead guilty sans phrase, or whether 
they are prepared to say "not guilty," and appeal fori 
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reversal of the sentence to thnt higher court of edueatcd 
scientiiic opinion to which we are all amenable. 

As your atton sty-general for the time being, I thought 
1 could not do better tJian get up the case with a view 
of advising jou. It is true that the cluirges brought 
forward by the other side involve the couaideration of 
niattera quite foreign to the pursuits with which I am 
ordinarily oeeupied ; but, in that reapeet, I am only in 
the position which is, nine times out of ten, occupied by 
counsel, who nevertheless contrive to gain their causae 
mainly by force of mother-wit and common sense, aided 
by some training in other intellectual exercises. 

Nerved by Buch precedents, I proceed to put my 
pleading before you. 

Aud the first question with which I propose to deal 
ia, Wliat is it to which Sir W. Thomson refers when he 
speaks of "geological speculation" and "British popular 
geology " ? 

I find three, more or less contradictory, systems of 
geological thought, each of which might fairly enough 
claim these appellations, standlug side by side in Britain. 
I Bhall call one of them Catamtuoi'hi.sm, another Umi- 
FijBMiTARiAKiSM, thc third EvoLUTLONi^M ; aiid I ahull 
tiy briefly to sketch the characters of each, that you may 
Bay whether the classification is, or is not, exhaustive. 

\iy Catastrophism, I mean any form of geological 
speculation which, in order to aceouut for the phtenomeua 
of geology, supposes the operation of forces different ia 
their nature, or immeoj^urably different in power, from 
those which we at present see in action in the universe. 

The Mosaic cosmogony is> in thia sense, catusti-ophie, 
because it assumes the operation of extra-natural power. 
The doctrine of violent upheavals, d&Mclea, and cata- 
clysms in general, is catasti-ophie, bo far as it assumes 
Uiat tiieac were brouglit about by causes which have 
16 
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now no fnralleL There was a time when catastroplusn 
might, pre-eminently, have claimed the title of " Britiah 
popuW geology;" and assuredly it has yet many ad- 
herenta, and reckons amone its sup]>orter8 some ot tfaa 
most honoured members of this Society, 

By Umfobmitabianism, I mean especially, the teat^f 
iiiff of Hutton and of LyelL ^^ 

fhat great though incomplete work, "The Theory of 
the Eiirth, seems to me to be one of the most remarkable 
contributions to geology which is recorrled in the annals 
of tlie ftcienoo. So fsu* as the oot^Iiving world is con- 
cerned, uniformitarianism lies there, not only in germ, 
but in blossom and fruit. 

If one a»ks huw it is ttmt Hutton was led to entertain 
views 80 ia.T in advance of thcKje prevalent in his time, in 
Bomc respects ; while, in others, they seem almost curi- 
ously limited, the answer appears to me to t)e plaiiL 

Hutton was in advance of the geological epeculatioQ 
of his time, Iwcjiuse, in the first place, he had amassed a 
vaat store of knowledge of the facts of geology, gathered 
by personal observation in ti-avels of considerable extent: 
and because, in the second place, he was thoroughly 
trained iu the physical and chemicis! science of his day, 
and thus possessed, as much as any one in his time 
could possess it, the knowledge which ia requisite for 
the just interpretation of geological phienomcna, aii<l 
the habit of thought which fits a man for scicndfc 
inquiry. 

It is to this thorough scientific training, that I ascribe 
Huttou's steady and persistent rcfu^nl to look to other 
causes tliau those now in operation, for the explanatif']] 
of geological phcenouiena. 

Thus he writes : — " 1 do not pretend, as he [M. de Luf] 
I does in his theory, to descrilw the beginning of things. 
1 I take things such as 1 find them at pre^ient ; uul 

^ W^ 




from these I reason with regard to that which must 
have heen." * 

And again : — *' A tlieory of the earth, which has for 
object truth, can have no retrospect to that which had 
preceded the present order of the world ; for this order 
aione is what we have to reason upon ; and to reason 
without data is nothing but delusion. A theory, there- 
fore, which is limited to the actual constitution of this 
earth cannot be allowed to proi:ecd one step beyond the 
present order of things."^ 

And so clear is he, that no causes beside such as are 
uow in operation are needed to aeuouut for the eharactex 
and disposition of the components of the crust of th 
earth, that he says, broadly and boldly : — " . . . There 
is no part of the earth which has not had the same 
origin, 80 far as this consists in that earth being collected 
at the bottom of the sea, and aiWwards produced, 
as land, along with masses of melted aubstanecs, by the 
operation of mineral causes." ^ 

But other influences were at work upon Hutton hoside 
those of a mind logical by Nuture, aud scientific by 
eound training ; and the peculiar turn which his specu- 
liitions took seems to me to be unintelligible, unless these 
be taken into account The arguments of the French 
astronomers and mathematicians, which, at the end of 
the last century, were held to demonstrate the existence 
of a compensating arrangement among the celestial 
hodies, whereby all perturbations eventually reduced 
themselves to oscillations on each side of a mean po- 
sition, aud the stability of the soliir system was secm'od, 
had evitleiitly taken strong hold of Hutton'e mind. 1 

III those oddly constructed periods which sccni to haTa 
prejudiced many persona against reading bia works, but 
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which arc fu!l of that pociiliar, if unattractive, eloquence 
which flows from mastery of the subJL-ct^ Huttou says : — 

•* Wc have now got to the t;nd of onr reasoning , we 
bave no data further to conclude immediately from thst 
which actually is. But wc have got enough ; we have 
the sati&fuftion to find, that in Nuture there is w^isdom, 
system, and consistency For having, in the natural 
history of this earth, seen a succession of worlds, we 
may from this conclude that there is a system in Nature ; 
in like mauner aa, from seeing revolutions of the planet^ 
it is concluded, that there is a system by which they are 
iiittnded to continue those revolutions. But if the sue 
eeseion of worlds is established iu the system of Nature, 
it is in vain to look lor anything higher in the origin of 
tlie earth. The residt, therefore, of this physical inquiiy 
is, that we find no vestige of a beginning, — no proi^jcct 
of au end." ^ 

Yet another influence worked strongly upon Huttoa 
Like most philosophers of bia age, he coquetted with 
those final causea which have been named barren virgin^ 
but which might be more fitly termed the hetairts of 
philoso|)hy, so eoiiistaiitly have they led men astray. 
The filial cause of the existence of the world is, for 
Hutlun, the production of lifi^ and intelligence. 

" We have now considered the globe of this earUi 
OS a machine, couatmcU^d upon chemical as well as 
mechanical piinciples, by which its different parts arc all 
adapted, ia form, iu quality, and in quantity, to a certain 
end ; an end attained with eeitainty or success ; and aa 
end from which we may perceive wisdom, in contem- 
plating the means employed. 

" But is this world to be consii^ered thus merely as a 
machine, to last no longer than ita parts retain tlicii 
present position, thoir proper forms and q\ialitica1 (tf 

• Tliu riiuoij of tht Eiutli, vol. I II. 20a 
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way it not be also considered aa an organized l)ody 
such a? has a constitution in which the nccessar)- decai 
oi' the machine is naturally repaired, in the'excrtion otJ 
those productive powers by which it had been Ibrmed. 

*' Tliis is the view in which we arc now to examine 
the globe ; to see if there be, in the constitution of thia 
world, a reproductive operation, by which a rained con- 
stitution may be again repaired, and a duration orl 
stability thus procured to the machine, considered as a , 
world sufltaining plants and animals."^ 

Kirwan, and the other Philistuica of the day, accused 
Hutton. of declaring that his thcoiy impUed that the 
world never had a beo^nning, and never difiered infl 
condition from its present atate. Nothing could be more^ 
groaaly unjust, as he expressly guards himself against ^ 
any such conclusion in the following terms : — fl 

"But in thus tracing back the natural operations™ 
which have sueceeded each otlier, and mark to ua the 
coui«« of time past, we come to a period in which wo 
cannot see any farther. ITiis, however, ia not the 
beginning of the operations which proceed in time and 
according to the wise economy of this world; nor is itr 
the establishing of that which, in the course of time, 
had no beginning ; it is only the limit of our retrospec- 
tive view of those operations which have come to puss 
in time, and have been conducted by Bupreme intel- 
ligence."* 

I have spoken of Unlformitarianism as the doctrine of I 
Hutton and of Lycl!, If I have quoted the older writer] 
rather than the newer, it is because his works are little! 
known, and his claims on our veneration too frequently 
forgotten, not because 1 desire to dim the fame of his 
eminent successor. Few of the present generation of geo- ] 
legists have read Pkyfair's *' Illustrations," fewer still 
[IwTbcuiyof tlio R-iith, vol. i i>p. !<;, IT. ' ilid. p. i'^.i^ 
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original " Theory of the Earth ; " the more is the pity; 
but which of us haa not tJiumbod every page of the 
"Principles of Geolngy"? I think that he who writes 
fairly the history of his own progress in geological 
thought, will not bo able to separate his debt to Huttofi 
from his obligations to Lyell ; and the, history of the 
progress of individual geologists is the history of geology. 

No one can doubt that the influence of uniform itari-in 
views haa l>eeu enormous, and, in the main, mosK 
l>eneiici;d and favourable to tiie progress of Bound 
geology. 

Nor can it be questioned that Uniformitarianism has 
even a 8truii;_'C'r title than GatastrophiBm to call itself the 
geological epoeulation of Britain, or, if you will, British 
fwpular geology. For it is eminently a Uritieh doctrine, 
and has even now made comparatively little progress 
on the continent of Europe. Nevertheless it seem^ to 
me to be open to eerious criticlam upon ouo of its 
aspects. 

I have shown how unjuat was the insinuation that 
Button denied a beginning to the world. But it would 
not l>e unjust to say that he persistently, in practice, 
shut his eyes to the existence of that prior and different 
state of things which, in theory, he admitted ; and, in 
this aversion to look beyond the veil of stratified i-ocks^ 
Lyell follows him. 

Button and Lyell alike agree in their indisposition 
to cany their speculations a step beyond the period 
recorded in the most' ancient strata now open to obac^ 
vation in the crust of the earth. This is, for Hutton, 
" the point in which we cannot see any farther ; " while 
Lyell tells us,— 

* The astronomer may find good reasons for ascribing 
the earth's form to the original fluidity of the mass, iii 
times long antecedent to the tiint iutruductiou of livii 
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beings into the planet ; but the geologist must he cont-ent 
to regard the earlieat monuments which it is his U&k to 
interpret^ && belonging to a period when the crust had 
already acquired grcat solidity and thickness, probably 
as great as it now possesses, and when volcanic roek», 
not essentially differing from those no~' produced, were" 
formed from time to time, the intensity of volcanic he; 
being neither greater nor less than it is now." * 

And again, " As geologists, we learn that it is not onl 
the present condition of tlie globe wliich has been suiteil 
to the accommodation of myriads of li\ing creatures, but 
that many former states also have been adapted to the 
orgiinization and habits of prior races of beings. The 
disposition of the seas, continents and islands, and the 
climates, have varied ; the species likewise have been 
changed ; and yet they have all been so modelled, ooH 
typea analogous to those of existing plants and animal^W 
aa to indicate, throughout, a perfect harmony of design 
and unity of parpo&e. To assume that the evidence of 
the beginning, or end, of so vast a scheme lies withia 
the reach of our philosophical inquiries, or even of ouid 
Bjiecnlations, appears to he inconsistent with a just 
estimate of the relations which subsist between the finite 
powers of man and the attributes of an infinite and 
etfmal Being." ^ 

The limitations implied in these passages appear to 
me to constitute the weakness and the logical defect of 
uniformitarianism. No one will impute blame to Hutton 
that, in face uf the imperfect condition, in his day, of 
those physical sciences which furnish the keys to the 
riddles of geology, he sliould have thought it j)ra.ctical 
wiatlom to limit his theory to an attempt to at:4inuit for 
" the prtseut order of things ; " but 1 am at a loss to com- 
pi-eheud why, for all time, the geologist must be content. 

' Priuuiplea of Gtiolo;;^, vol, 11. p, £11, * Ibid, f. 
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to regard the oldest fossiliferous rocks as the itUimn 
Tliuh of his science; or wliat there is incooMistent witL 
tlie relations between the finite and the infinite ntind, in 
the assumption, that we may discc-ni somewhat of tht 
Itc^nning, or of the end, of this speck in space wc caU 
our eartji. The finite mind is certainly competent lo 
trace out the development of the fowl withia the egg; 
and I know not on what ground it should find more 
ilifliculty in unravelling the complexities of the develop- 
raent of the earth. In fact, as Kant has well remarked,* 
the cosmical process ia really simpler than the biologicaL 

This attempt to limit, at a particular point, the progress 
of inductive and deductive reaaoniog from the things 
which are, to those which were — this faithlessness to ila 
own Xo^Ot seems to me to have cost ITuiformitarianism 
the place, as the permanent form of geological Bpecula- 
tioQ, which it might otherwise have held. 

It remaiu* that I should put Ijefore you what I 
understand to be the third phase of geological specula- 
tion — namely, Evolctiojtism. 

I shall not make what I have to say on this head 
clear, unless I diverge, or seem to diverge, for a while, 
from the direct path of my diHcoursc, so far as to explain 
what I take to be the scope of geology itself. I conceive 
geology to be the history of the earth, in precisely the 
same sense as biology ia the histoiy of living beinM; 
and I trust you will not thiuk that I am overpowen;d by 
the influence of a dominant pursuit if I say that I trace 
a close analogy between these two histories. 

If I study a living being, under what heads does the 

' "Mao darf €9 aich also aicht liefrennlen lussen, wenn ich niich iintcretolw 
Ell id^tJi, Aes\ clicr die CiKlking n1U'r Iliiiiiiiclilc'irjjpr. die tTi'Kiulie ihitt 
Bcwwuii^n, kiira iIm Vn\>tmxs, 'Ipt mmren itPt-enwiirti^en VcrfiwsiinR liei 
WciIiGhiu.1 wcrdcii kniiiiHti itiiigi-34.-heu wi^nluii, clic die Kra«it^in;{ eiiw 
fliniiuMi Krjut«a odor ciner Raiiiia una Mii-i^lKuiisdit-ii Gruiuleii, tl«t<tlicli iinj 
TijU:tUiidi^ liuiid vxniva wird."^KA^T'ii HavnatUMM Wake, Ud. I. y. £211 
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knowledge I obtain fall? I can learn its stnictnre, 
what we call its Anatomy ; and its Devklopment, 
tlie series of cliimges which it passes thnmjrli t/i ai-qui 
ts complete structure. Then I fiiid tbiit thr living 
t»eing has ceitLiLu powers resulting from its own acti- 
vities, ami the interaction of these with tlie actiTities of 
©ther things — the knowledge of which is Physioloov. 
Beyoiid this the living being has a position in space and 
time, which is ita Distribution. All these iorm tho 
body of ascertainable facts which constitute the status 
quo of the living creatare. But these facts have their 
causes ; and the ascertainment of these causes is tha 
doctrine of yETioLOGY. ^ 

If we consider what is knowahle about the earth, wa" 
shall find that such earth -knowledge — if I may so trans- 
late the woi-d geology — falls into the same categories. 

What is termed atratigraphical geology is neither moi 
nor less than the anatomy of the earth ; and the history?] 
of the succession of the formations is the history of 
succession of such anatomies, or corresponds with devoJ 
lopraent^ as distinct from generation. 

The internal heat of the earth, the elevation and*! 
depression of its crust, its belchings forth of vapoura/j 
ashes, and lava, arc its activities, in as strict a senac, as arof 
warmth and the movements and products of rcapiration 
tho activities of an animal. The phajnoracna of tho J 
seasons, of the trade winds, of the Gulf-stream, are as fl 
much tho results of the reaction between these inner ~ 
activities and outward forces, as are the budding of the ^ 
leaves in spring and their falling in autumn the c^Tectafl 
of the interaction between the organization of a plant " 
and the solar light and heat. And, as the study of the^ 
activities of the living lunng Ls called ita phyHiology, ho^| 
are these phaenomena the subject-matter of an anaiogouN ~ 
telluric physiology, to which we sometimes give tho 
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name of meteorology, sometimes that of physical geo- 

fnipliy, sometimes tliat of geology. Af^aio, the earth 
OA a phace in space and in time, and rclatious to other 
bodies in both these respects, which constitute its distri- 
bution. This subject is usually left lo the aatronomer; 
but a knowledge of its broad outlines seems to me to ha 
an essential constituent of the stock of geological ideaa 

All that can be ascertained concerning the structure, 
Bucceasion of conditions, actions, and position in apace of 
the earth, is the matter of fact of iU natural hisboiy, 
But, as in biology, there remains the matter of reasoning 
from these facts to their causes, which is just as mucE 
ecience as the other, and indeed more ; and this consti- 
tutes geological aetiology. 

Having regard to this general scheme of geological 
knowledge and thought, it is obvious that geological 
speculation may be, ao to speak, anatomical and develop- 
mental speculation, ao far aa it relates to points of strati- 
graphical arrangement which arc out of reach of direct 
oljservation ; or, it may be physiological speculation, so 
far as it relates to undctemiined. problems relative to the 
activities of the earth ; or, it may be distributional specu- 
lation, if it deals with modifications of the earth's place 
in space ; or, finally, it will be etiological speculation, if 
it attempts to deduce the history of tJie world, as a 
■whole, from the known properties of the matter of the 
earth, in the conditions in which the earth has been placed. 
For the purposes of the present discourse I may take 
this last to be what is meant by " geological speculation." 
Now uniformitarianism, as we have seen, tend^ to 
ignore geological speculation in this sense altogether. 

The one point the cataatrophists and the uniformi- 
tariana agreed upon, when this Society was founded, was 
to ignore it. And you will find, if you look back into 
our records, that our revered fathers in geology plumed 



themselves a good deal apon the practical sense and 
wisdom of this proceeding. As a temporary measure, I 
do not presume to challenge its wisdom; but in all 
organized bodies temporaiy chniigea are apt to produca.| 
permanent effects ; and as time has slipped hy, altering: 
all the conditions which may have made such mortific 
tioa of the scientific flesh desirable, I think the effect of 
the stream of cold water which has steadily flowed over 
geological speculation within these walls has been o 
doubtful lieneficcDce. 

The sort of geological speculation to which I am now 
referring (geological ietiology, in short) was created, aa 
a science, by that famous philosopher Immanucl KanC, 
when, in 1755, he wrote hia "General Natural History 
and Theory of the Celestial Bodies ; or an Attempt 
account for the Constitution and tlie Mechanical Oriain 
of the Universe upon Newtonian principles."' 

In this very remarkable but seemingly little-known 
treatise,* Kant expounds a complete cosmogony, in th 
shape of a theory of the causes which have led to the dev 
lopment of the universe from diffused atoms of ma 
endowed with simple attractive and repulsive forces. 

"Give me matter," says Kant, "and I will build thft 
■world;" and he proceeds to deduce from the simple. 
data from which he starts, a doctrine in all essential r 
Bpects similar to the well-known " Nebular Hypothesi-s 
of Laplace.* He accounts for the relation of the mass' 
and the densities of the planets to their distances from 
the flun, for the eccentricities of their orbits, for their 
rotatioiis, for their satellites, for the general agreement 

' GniDt (" History of Plj^cal Astrouoiay,'' p. 574) makes but die biicfa 
icrcmnut: to Kunt. 

* " AliueiiiinQu Nahii^esdiichto und Theori-e do* Hinimclii ; O'.Icr Vcnuo 
?0D der Verfassiin;; und deui nicchauiaclieii Uiii|inint'B dw k<'««;ii WelL) 
biiudc* nnch N«wt<in'sclicn CiruadMlxun abgcliiuiiUili."'— i^nr'ii 6iHMitiU 
W^rk*, Bd. I V. 207. 

'tiyvLcuic du Aloiide, tome ii. ulutp. 6> 
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in the ditpction of rotation amon^ the celestial bodi^ 
for Saturn's ring, and for the zodiaral light. He Gods 
in each system of worlds, indications that; the attractive 
force of the centra/ mass will eventually destroy its org»* 
nizatioo, by concentrating upon itself the matter of uw 
whole system ; hut, as the result of this concentration, 
ho argues for the development of an amount of heat 
whieh will dissipate the mass once more into a molccolor 
chaos such as that in which it began. 

Kant pictures to himself the universe aj* once an 
infinite expansion of formless and diffused matter. At 
OTie point of this he snpposta a single centre of attraction 
Bet up ; and, by strict deductions fi-ora admitted dynamical 
principles, shows how this must result in the development 
of a prodigious eeotral body, surrounded by systems of 
solar and planotaiy worlds in all stages of developracDt. 
In vivid language lie depicts the great world- maelstrom, 
widening the marges of its prodigious eddy in the slow 
progress of millions of ages^ gradually reclaiming more 
and more of the molecular waste, and converting chaos 
into cosmos. But what is gained at the margin is lost 
in the centre ; the attractions of the central systems 
bring their constituents together, which then, by the heat 
evolved, are converted once more into molecular chaos. 
Thus the worlds that are, lie between the ruins of the 
worlds that have been and the chaotic materials of the 
worlds that shall be ; and in spite of all waste and 
destruction, Cosmos is extending his herders at th« 
expense of Chaos. 

Kant's further application of his views to the eartb 
itself is to be found in bis " TreatiHC ou Physical Geo- 
|>i-aphy"' (a term under which the then unlaiown science 
i'f geology was induded), n. .subject which he had studied 
with very great care and on which he lectured for many 
* Kaut's "SiimmlUchB Wcrke," Ed. viU. ^ 145i. 
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years. The fourth section of the first part of this 
Trejitise is called " History of the great Changes which, 
the Eurth lias formerly iinJcrgonc and is stiJl undergoing,' 
and is, in fact, a brief imd pregnant essay upon the prin-J 
ciplcs of geology. Kant gives an account first "of tho 
gnuiual ehangcs which arc now taking place" under 
the heads of such as are caused by earthquakes, sacM 
as are brought about by rain and rivers, such aa arsj 
effected by the sea, such as are produced by windaj 
and frost ; and, finally, such as result from the opera^ f 
dons of man. 

The second part is devoted to the " Memorials of tha i 
Changes which the Earth has undergone in remote au-fl 
tiquity." Those are enumerated as : — A. Proofs that ^ 
the sea formerly covered the whole earth. B. Proofs 
that the sea has often been changed into dry land and ' 
then again into sea. C. A discission of the varioiisl 
theories of the earth put forwanl by Scheuchzer, Moro, 
Bonnet, Woodward, White, Leibnitz, Linneeus, andj 
Buffon. 

Tlie tiiird part contains an "Attempt to give a sound 
explanation of the ancient hiator}' of the earth." 

J suppose that it would be very easy to pick holes in 
the details of Kant's spccidations, whether cosmulogical, 
or specially telluric, in their application. But, for all ' 
thal^ he scruib to mo to have been the first person to 
frame a complete system of geologic^al speculation by 
founding the doctriuc of evolution. 

With as much truth as Button, Kant could &ay, "I 
lake things just as I find tliem at present, and, from 
these, I ivason with regard to that which must ha.ve 
been." Like Button, he is never tired of pointing 
out that "in Nature there is wisdom, system, and con- 
wstcncy." And, as in these great principles, 8o in believ* 
ing that the cosmos has a reproductive operation "by 
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vbich A ruined c<HistitTmoa may be repaired," he for- 
■taik Hutton ; vbile, on the other himd, Kant is tne to 
■ciaiee. He knows do tiotmds to gecdt^cal s{jecalatioii 
bat those of the intellect. He reasons hack to a begin* 
utog of the present state of things ; he admits the po8» 
hiutf of an end. 

I have said that the three sdioolB of geological specn- 
Uktioa vbich I have termed Oafeastrophism, Unifonni- 
tamaism, «ad Evolutionism are commonly supposed to 
be antagonistic to one another ; and I presume it will 
have become obvious that, in my belief the last is 
destined to gwallow ap the other twa But it is propei 
to remark that each of the latter has kept alive the tn. 
dition of precious truths. 

Catastrophism has insisted upon the existence of a 
practically unlimited liank of force, on which the thftoriat 
mk;ht draw ; and it hn£ clierlshtid the idea of the de- 
velopment of the earth from a state in which its fonn, 
and the forces which it exerted, were very different fioio 
ttiiMc we now know. That such difference of form and 
paver once existed is' a necessary part of the doctrine of 
erc^ntiou. 

CKiFOftMiTAiUAVLSM, on the othor hand, has with 
equal jostioe insisted upon a. practically imlimitcd b^ink 
of time, ready to discount any quantity of b^-pothetical 
paper. It has kept before our eyes the power of the 
infinitely little, time being granted, and has compclletl ui 
to exhaust known causes, before Ajnug to the unknown. 

To my mind there appears to be no sort of necessary 
theoretical antagonism between Catostrophism and Uni- 
forraitarinnism. On the contrary, it is very couceivabia 
that caUistropbcs may l»e part and parcel of uniformity. 
Let me illustrate my case by analogy. The working ot 
a cIo(_k is a mode! of uniform action ; good time-keeping 
RieauB uniformi^ of action. But the striking of tho 
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clock is essentinlljr a catsetiophe ; the **«««"*—■ might be 
made to blow up a barrel of gonpowde^ or torn on a 
delugo of water ; and, by propo- anxi^emen^ the dock, 
instead of marking the hoaisy mi^t stoke at all softs ol 
irregular period^ never twice uike, in the jntervala, 
force, or number of ita bkiffa Nerertheleffi, all these 
irregular, and apparently lawless, catastrophes voold be 
the result of an absolutely muformitarian action; and 
might have two schools of clock-tbeorists, one. 
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studying the Iinmnier and the other the pendalum. 

Still less is there any necessary ant^onism between' 
either of tbeae doctrines and that of firolotion, which 
embraces all that is sound in both Oatastrophism and 
UuiformitArianiam, while it rejects the arbitiaiy aasomp- 
tions of the one and the, oa arbitrary, limitations of the 
other. Nor is the value of the doctrine of Evolution to the 
philosophic thinner diminished by the fact that it applies 
the same method to the living and the not-living world ; 
and embraces, in one stupendous analogy, the growth 
of a soLir sj'sttm from molecular chaos, the shaping 
of the earth from the nebidous cubliood of its youth, 
through innumerable chances and immeasurable ages, 
to its present form ; and the development of a living 
being from the shapeless mass of protoplaam we term a 
germ. 

I do not know whether Evolutionism can claim that 
amount of currency which would entitle it to be eallwl 
British popuhir geology ; bat, more or leas vaguely, it is 
assuredly present in tlie minds of most geologists. 

Such being the three phases of geological speculation, 
we are now in pogition to inquire which of these it is 
that Sir William Thomson eaUs upon ua to reform m 
the paasages which I have cited. 

It lA ohviously Uoiformitarianism which the dis- 
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tinjiuishnd physiasfc takes to be the repn^aontntive of 
geological a{>ecuIation in general. And thus a first 
issue is raised, inasmuch as many persons (and iJiose 
not the least thouj;litfuI anmng the youuj^r geologists) 
do not accept slrict UiiLfurniitHri:inif<m as tbe fiaat fuin 
of geological speculatiou, We should aay, if Huttoo 
and Playfair declare tlie course of the world to haw 
been always the same, point out the fallacy by all means; 
but, in so doing, do not imagine tliat you are proving 
modem geology to lie in opposition to natural phi- 
losophy. I do not suppose that, at the present day 
any geologist would be found to maintain absolute 
UniformitJiriauism, to deny that the rapidity of the 
louition of the earth may be diminishing, that the son 
snay be waxing dira^ or that the earth itself may be 
cooling. Most of ua, I suspect, are GalUos, "who cars 
for none of these things," being of opinion that, true 
or fictitious, they have made no practical difference to 
the earth, during the period of which a record is pre- 
served in stratified deposits. 

The aecasation that we have been running counter to 
the pi'incfples of natural philosophy, therefore, is devoid 
of foundation. The only question which tan arise is 
whether we have, or have not, been tacitly making 
aasuraptlonH which are in opposition to tx-rtain con- 
clusions which may be drawn from those principles. 
And this question subdivides itself into two : — the firsi, 
are. wo really contravening such conclusions ? the second, 
if we are, are those conclusions so firmly based that n'« 
may not contravene them ? I reply in the negative to 
both these questions, and I will give you my reasons 
for so doing. Sir William Thomson believes that he 
is able to prc.ve» by physical reasonings, "that the 
existing state of things on the earth, life <hi the earth 
— uU geological history showing continuity of life— 
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mat be limited within some auch period of time as one 
uudrtJ million years" (loc. cit. p. 25). 
The firet inqtiiry which arises plainly is, has it ever 
loen clenit'il that this period m.ay he enough for the 
kutposes of geology ? 

Tht: discussion of this question is greatly embarrassed 
iy the viigucDCfis with which the assumed limit is, I 
mU not sjiy defined, hut indicated, — "some such period 
rf past time as one hundred million years." Now 
ioes this mean that it may have been two. or three, or 
bur hundred million years X Because this really makes 
dl the difference.^ . 

I presume that 100,000 feet may be fallen as a fiill 
owance for the total thickness of Rtjatihed rocks con- 
ining traces of life; 100,000 divided by 100,000.000 
0-001, Consequently, the deposit of 100,000 feet of 
.tratified rock in 100,000,000 years means that t\xQi 
it }ias taken place at the rate of tifoo *>f ^ fwt, or, 
y, ^ of an ineh. per annum. 

Well, I do not know that any one is prepared to main- 
tain that, even making all needful allowances, the 
•tratified rocks may not have been formed, on tte 
average, at the rat« of ^V of an inch per annum. 
I suppose that if such could be shown to be the 
limit of world-growth, we could put up with the 
allowance without feeling tliat oui- epeuulations had 
uudergouQ any revolution. And pei'haps, alter all, tha 
qualifying phrase "some such period" may not neeea- 
Bitate the assumption of more than tiu or ^lir or tH of 
(Ui inch of deposit per year, which, of course, would 
give hb still more ease and comfort. 

But, it may be said, that it is biology, and not geology, 

' ftlr WlJlixii Thomson iniplie.'* (lot cit. ii. IB), lli.it tho precise tiiuoiH ^4 
nn ooniicqiiciico " tlj« ])riiii:i{jli> is tlie sitiiic ;" but, sm the [iruicijiitt \» 
' ibc wliole diwuiuiuii tunu on JU prucliuil resulu. 

17 



^m 



..A=-"*-«fc, .. ^.' 



BKSMQUS, dPDi 



vhich asks for ao much time — ttiat the suoeefision 
life demands vast iQtorvat:^ ; but this appf^ars to me to 
be reasoning in a circle. Biologj iakea her time from 
geology. The only reason we hare for believing in the 
alow rate of the change in living forma \a the fuct that 
they persist through a scries of deposits which, geology 
aafonns us, have tiUten a long while to moke. If the 
geological clock is wrong, all the natxiralist will have to 
do is to modify his notions of the rapidity of change 
accordingly. And I venture to point out that, when we 
arc told that the limitation of the period during which 
living beings have inhabited this planet to one» two, or 
three hundred million years requires a complete revolu- 
tion la geological Epccubtion, the onus probandi rests 
on the maker of the assertion, who brings forward not 
a shadow of evidence in its support 

Thus, if we accept the limitation of time placed before 
U8 by Sir W. Thomson, it is not obvious, on the face 
of the matter, that we shall have to alter, or reform, 
our ways in any appreciable degree ; and we may there- 
fore proceed with much ealinncss, and indeed much 
indifference, as to the result, to inquire whether that 
limitation is justified by the arguments employed in i 
support. 

These arguments are three in number :— 

I. The first is based upon the undoubted fact that the 
tideg tend to retArd the rate of the earth's rotation upon 
its axis. That this must be ao is obvious, if one con- 
eiders, roughly, that the tides result from the pull which 
the sun and the moon exert upon the sea, causing it to 
act as a sort of break upon the rotating solid earth. 

Kant, who was by no means a mere "abstract philo- 
Bopher," but a good mathematician and well versed in 
tlie pliysiciil seieuce of his time, not only proved this in 
an csbay oi exquiiiite clearness and intelligibility, itovi 
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more tban a centmy old,* but deduced from it aoane ai 
its more important conseqneDces, such as tbe etmstant 
Cuming of one &ce of the moon towards the earth. 

But there is a long step frtnn the demcMistzatioa of s 
tendency to the estimation of the practical value of that 
tendency, which is all with wmch we are at ptesoit 
concemed. The facts bearing on this piHnt appear to 
stand as follow : — 

It is a matter of obBerrataon that the mocm's mean 
motion is (and has for the last 3,000 years been) under- 
going an acceleration, relatively to the rotation of the 
earth. Of course this may result from one of two 
causes : the moon may really have been moving more 
swifdy in its orbit; or the earth may have been rotating 
more slowly on its axis. 

Laplace believed he had accounted for this phseno- 
menon by the feet that the eccentricity of the earth's 
orb it has beendiminishing throughout these 3,000 years. 
This would produce a diminution of the mean attraction 
of the sun on the moon ; or, in other words, an increase 
in the attraction of the earth on the moon ; and, con- 
sequently, an increase in the rapidity of the orbital 
motion of the latter body. Laplace, therefore, laid the 
responsibility of the acceleration upon the moon, and 
if his views were correct, the tidal retardation muHt 
either be insignificant in amount, or be counteracted by 
some other agency. 

Our great astronomer, Adams, however, appears to 
have found a flaw in Laplace's calculation, and to have 
shown that only half the observed retardation could be 
accounted for in the way he had suggested. There 

' "Unteninchung der Frage ob die Erde in ihrer Umdreliung um die 
Achse, irodnich sie die Abwechselung des 'ra^es und der Kacht hervorbriiifn. 
•inige Ver.indenmg seit den enVen Zeiteu ihrea Urspmiiges eilitten hiiliis, 
kfi."--KANT's iSantvUliclu Weiks, Bd. i. j). i;& 
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remains, therefore, the other liiilf to be accoiint^xl for; 
auJ here, iu Uic iib^iiee of nil positive kuowkdgc, thr 
6«te of hypotheses have bcon suggested. 

(a.) M. Dclaunay sugj;;cst3 that the earth is at faults, in 
consequence of the tidal retardation. Messrs. Adauu, 
Thomson, and Tnit work out this suggestion, and, "oa 
a certain assumption as to the proportiou of retardationi 
due to the sun and moon," lind the earth may lose 
twenty-two aeconda of time in a century from this cause.' 

(6.) But M. Dufour suggests that the rutarnhitiou of tiw 
earth (which is }iypotheticaily assumed to exist) may be 
due in port, or wholly, to the increase of the moment 
of im^rtia of the earth by meteors falling upon its surfaca 
This suggeatiou also meets with the entire approval of 
Sir W. Thomson, who shows that meteor-dust^ accumu- 
lating at the rate of one foot in 4,000 years, would 
account for the remainder of retartlation.^ 

(c.) Thirdly, Sir W. Thomson brings forward an hypo- 
thesis of his own with respect to the cause of the hypo- 
thetical retardation of the earth's rotation :— 

" Let "US suppose ice to melt from the polar regiom 
(20° round each pole, we may say) to the extent of 
sometliing more than a foot thick, enough to give I'l 
foot of water over thoae areas, or 0"006 of a foot of 
water if spread over the whole globe, which would, in 
reality, raise the aea-Icvel by only some such undiscovcr- 
able difl'ereuce aa three-fourths of an inch or an inch. 
This, or the reverse, which we believe might happen any 
year, and could ccrtiinly not be detected without far 
more accurate observations and calculations for the mean 
8ca-lcvel than any liitherto made, would slacken or 
quicken the earth's rate as a timekeeper by one-tenth of 
a second pel year." ' 

I do not presume to throw the slightest doubt upj' 

* Sic W. Iliuuwuu, loo. wt., !>. 14 * L(K>. iit., p. 87. ' IbuL 
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the accoracy of nny of the calculations mai^e by sue! 
distinguished cinthcniati(;i!ins as those who huve mad 
tho suggestions I have cited. On the contrary, it 
necessary to my argument to assume that they arc a 
correct But I desire to point out that this seems to be 
one of the many cases in which the admitted accuracy of 
mathematical process is allowed to throw a wholly 
inadmisfiible appearance of authority over the results 
obt^ed by them. Mathematics muy be compared to ft 
mill of exquifjite workiuanship, which grinds you stuff of 
any degree of fineness; but, nevertheless, what you got 
out depends opon what you put in ; and as the giandest 
mill in the world will not extract wheat-flour fi-om 
p"ascod3, 50 pages of formulse will not get a defini 
result out of loose data. 

In the present iuatance it appears to be admitted : — 
1 That it is not absolutely certain, after all, whether 
the moon's mean motioa is undergoing acceleration, oc 
the earth's rotation retardation.' And yet this is the. 
key of the whole position. 

2. If the rapidity of the earth's rotation is diminishing, 
it is not certain how much of that retardation is due toil 
lidul friction, — how mueh to metuora, — how much to 
possible excess of melting over ai2Cumulation of pohir 
loe, during the period covered by observation, which 
amounts, at the outside, to not more than 2,60U years. 

3. The effect of a diiferent distiibution of land and; 
water in moilifjing the retardation caused by tidal^ 
friction, and of reducing it, under some circumstiincea, 
to a minimum, does nob appear to bo taken in 
account 

4 During the Miocene epoch the polar ice was cer^ 
tainly many feet thinner than it has been during, or 

' It will 'bi undomUMd that I do out wtuLi to Aaa:^ ikaX tlia outth's rotuUtaJ 



^^M 

i 



i 



250 Ur SSRMOftS, JDJtRSSSES. JlfL RSVISWA {«. 

Mnce, the Glacial epoch. Sir W. Thomson tells us that 
the accumulation of somcUuDg more thaD a foot of 
ice around the poles (which implies the witlidrawiil of, 
say, an inch of water from the general surface of the 
sea) will cause the earth to rotate quieker by one-teiitk 
of a second per anuum. It would appear, therefore, 
that the earth may have been rotating, thi-oughout the 
-whole period which has elapsed from the commcQcemcj^ 
of the Glacial epoch down to the present time, one, or 
more, seeonds per annum, quicker tuaa it rotat4>d during 
the Mioceue epoch. 

But, acording to Sir W. Thomson's calculation, tidal 
retardation will only account for a retardation of 23'' in 
a tenturj', or ' ' (aay \) of a second per annum. 

Thus, assuming that the accumulation of polar ice 
siace the Jlioecuo epocli has only been sufficient to 
jtrodueo ten times the effect of a coat of iee one foot 
thick, we shall have au accelerating cause which covers 
all the loss from tidal action, and leaves a balance 
of i a second per anuum in the way of acceleration. 

If tidal I'ctardation can be thus checked and over- 
thrown by other temporary conditions, what becomes 
of the confident assertion, based upon the assumed, uni- 
formity of tidal retardation, that ten thouraud mUUou 
3'eurs ago the earth must have been rotating more than 
twice as fast as at present, and, thei'efore, that we 
geologists are "in direct opposition to the principles 
of Natural Piiilosophy" if we spread geological history 
over that time ? 

II. The second argument is thus stated by Sir W. 
Thomson : — "An article, by myself, published in * Mac- 
millau's Magaxine ' for March 1862, on the age of the 
sun's heat, explains results of investigation into varioiB 
questions as to pns-sibililics reg;irding the amount of h«it 
that the sun could have, dealing with it as you woi 
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mth a stone, or a piece of matter, only taking into 
Account the sun's dimensions, which showed it to bo 
possible that the sun may tave alreax^y iUuminated the 
earth for as many as one hundred million years, but al 
the same time rendered it almost certain that he had no' 
illuminated the earth for five hundred millions of years. 
The estimates here are necessarily very vague ; but yet, 
vague as they are, I do not know that it is possible, upon 
any reasonable estimate founded on known properties 
of matter, to say that we can believe the sun has really 
iUuminatcd the earth for five hundred million years."^ 

I do not wish to *' Hansardize " Sir William Thomsoa 
by laying much stress on the fact that, only fifteen years 
ago, he entertained a totally diticrent view of the origin 
of the sun's heat, and believed that the energy radiated 
&om year to year was supplied fi'om year to year— 
a doctrine which would have suited Hutton perfectly. 
But the fact that bo eminent a physical philosopher has, 
th\i8 recently, held views opposite to those which he now 
entertains, and that he confesses his own estimates to 
be "very vague," justly entitles us to disregard those 
estimates, if any distinct facts on ouj side go against ■ 
them. However, I am not aware that such tacta exist " 
As I have already said, for anything I know, one, two, 
or three hundi'cd millions of years may serve the needs 
of geologists peri'cctly wcU. 

111. The third line of argument is based upon tha 
temperature of the interior of the earth. Sir "W. 
Thomson refers to certain investigations which prove 
that the present thermal condition of the interior of 
the earth implies either a heating of the earth within the 
last 20,000 years of as much as 100° F., or a gi-eater 
heating all over the surface at some time further back 
than 20,000 yeai's, and then proceeds thus :-^ 

* L«c. ciL, p, aft. 
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" Now, are fjeologlsU prepared to admit that, at wne 
time witliiii tlie liutt 20,000 years, there has been all 
over the earth so high a temperature as that ? 1 pre- 
sume not ; no geologist — no moder-n geologist — would 
for a moment admit the hypothesis that the prt^^vnf 
state of uiidcrgroutwl hoot is due to a heating of tlie 
surface at so lute a period as 20,000 years ago. If that 
b not admitted, wc are driven to a greater heat at some 
time more than 20,000 years ago. A greater heating 
all over the snrface than 100" Fahrenheit would kill 
nearly all existing plants and animals, 1 may safely say. 
Are modem geologists prepared to say tliat all life "wua 
killed off the earth 50,000, 100,000, or 200.000 ycm 
ago ? For the uniformity theory, the further back the 
time of high surface-temperature is put the better; 
hut the further back the time of heating, the hotter it 
must Imve been. The best for thnsc who draw most 
largely on time is that which puts it furthest back; 
Hud tliat is the theoiy that the healing was enough 
to melt the whole. But even if it was enough to 
melt Uie whole, we muat BtUl admit some limit, such as 
fifty rnilhon years, one hundred million years, or two 
or three hundred milli on years ago. Beyond that tol 
cannot go." ' |H 

It will be observed that the "limit" is once agai^ 
of the v.iguest, ranging from 50,000,000 years to 
300,000,000. And the reply is, once more, that, for 
anything that can be proved to the contrnry, one or 
two hundred milliou years might serve the purpose, 
even of a through-going Huttonian uniformitarian, 
very welL ^U 

But if, on the other hand, the a 00,000,000 m^ 
200,000,000 years appear to bo insufficient for geo- 
logical purposes, we must closely criticise the metliod 

* Loc. cit., p. a*, 
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hy wliich the limit is reached. The argument is simple 
enough. Asmming the earth to be notbiug but a cooi- 
ing mass, the quantity of heat lost per year, supposing 
the rate of cooling to have been uniform, multiplied 
by any given number of years, will he given the mini- 
mum temperature that number of years ago. 

But ia the earth nothing but a coohng maas, ** like 
a hot-water jar such as is used in carriages," or " a globe 
of aandatone"? and has it-a cooling been uniform? An 
affirmative answer to both these questions seems to bo 
iieeessary to tbe validity of the caleulations on which 
Sir W. Thomson lays so much stress. 

Nevertheless it surely may be urged that such affirma^ 
live answers are purely hypothetical, and that other 
su^KJsitiona have an equal right to consideration. 

For example, it it not possible that, at the prodigious 
t-empcrature which would seem to exist at 100 mUea 
below the surface, all the metallic bases may behave aa ^ 
mercury does at a red heat, when it refuses to combine H 
with oxygen ; while, nearer the surface, and therefore at ~ 
a lower temperature, they may enter into combination (aa ^ 
mercury does with oxygen a few degrees below its boiling- H 
point) and so give rise to a heat totally distinct from ~ 
that which they possess as cooling bodies ? And has 
it not also l>een proved by recent researches that the 
quality of the atmosphere may iramenscly afl'ect its 
permeability to heat ; and, consequently, profoundly 
inodily the rate of cooling the globe as a whole 1 

I do not think it can be denied that such conditions 
may exist, and may so greatly nlfect the supply, and the 
loss, of terrestrial heat as to destroy the value of any 
calculations which leave them out of sight 

My functions as your advocate are at an end. I 
^ak with more thau the sincerity of a mere advocoJtA 
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when I express the belief that the case against us haa 
entirely brwien down. The cry for refonn which haa 
been raised without,- is superfluous, inasmuch as we 
have long been reforming from within, with all needful 
speed. And the chticar examination of the grouods 
upon which the very grave charge of opposition to 
the principles of NaturaT Philosophy has been brought 
(gainst us, rather shows that we have exercised a vise 
discrimination in declining, for the present, to meddlo 
with our foundations. . 



XIL 

THE ORIGIN OF SPECI]^ 

Mr. Daewin's longstanding and well-eanted acamtific 
eminence |Hobably renders him indifferent to that social 
nottfffiety which passes hy the name of success ; bat if 
the calm spirit d tiie philosopher have not yet wholly 
superseded the ambition and the vanity of the carnal 
man witiiin him, he must be well satisfied with the 
results of his venture in publi^iing the " Origin oi 
Species." Overflowing the narrow bounds of purely 
scientific circles, tJie *' species question " divides with 
Italy and the Volunteers the attention of general society. 
Everybody h^ read Mr. Darwin's book, or, at least, has 
given an opinion upon its merits or demerits; pietists, 
whether lay or ecclesiastic, decry it with the mild 
railing which sounds so charitable ; bigots denounce it 
with ignorant invective ; old ladies of both sexes 
consider it a decidedly dangerous book, and even 
savans, who have no better mud to throw, quote anti- 
quated writera to show that its author ia no better than 
an ape himself; while every philosophical thinker 
hails it as a veritable Whitworth gun in the armoury of 
liberalism ; and all competent naturalists and physio- 
logists, whatever their opinions as to the ultimate fate 
of the doctrines put forth, acknowledge that the work iu 
which they are embodied is a solid contribution to know- 
ledge and inaugurates a new epoch in natural hlatoiy. 
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Nor has the discussion of the subject beco restrained 
within the limits of conversation. When (he public is 
eager and interested, reviewers must miaistcr to its 
wanta ; and the genuine litterateur is too much in the 
habit of acquiring his knowledge from the book tic 
judges — as the Aby.'wiQiau ia eoid to provide hiinsiOf 
with ateala from the ox which carries him — to be wilb- 
held from criticism of a profound scientific work by the 
mere want of the requisite preliminaiy seientifie acquire- 
ment ; while, on the other hand, the men of science who 
MJah well to the new views, no less than those who 
dispute their validit)% have nntui'aUy sought oppor- 
tunities of expiTssing their opinions. Hence it ia not 
surprising that almost all the critical journals haw, 
noticed Mr. Darwin's work at greater or less length ; 
and so many disquiaitions, of every degree of excellence, 
from the poor product of ignorance, too often stimulated 
by prejudice, to the fiur and thoughtful essay of the 
c;iudid student of Natme, have appeared, that it scoma 
an almost helpless task to attempt tu say anything new 
upon the question. 

But it may be doubted if the knowledge iiud acumen 
of prejudged scientitic opponents, or the subtlety of 
orthodox special pleoders, have yet exerted their full 
force in mystifying the real issues of the great contro- 
versy which has been set afoot, and whose end is hardly 
likely to be seen by this geueralion ; so that at this 
eleYcnth hour, and even failing anything new, it may be 
useful to state afresh that which is true, and to put tho 
fundumentiil positions advocated by Mr. Darw-in in such 
a form that they may be grasped by those whose special 
studies lie in other directiona And the adoption of this 
course may be the more advisable, because notwith- 
strmdung its gieat deserts, and indeed partly on account 
of them, the '* Origin of Species " ia by no meana njx eaaj 
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book i*> reail — If by reading is implied the full com 
^)i'cbeiisioii of an author's meaning. 

We do not Bpadc jestingly iu aiiying that it ia Mr. 
Darwin's misfortune to know mor^ about the question he 
has taken up than any man living. Personally and 
ixracticalty exercised iu zoology, in minute anatomy, in 
geology ; a student of geographical distribution, not on 
maps and in museums only, but by long voyages and 
laborious collection ; having largely advanced each of fl 
these branches of science, and having spent many yeara 
iu gathering and sifting matcjials for his present work, 
the Btore of accurately registered facts upon which the 
author of the " Origin of Species " is able to draw at 
will is prodigious. 

But this very superabundance of matter must have 
been embarrassing to a writer who, for the present, can 
only put forward an abatract of his views ; and thence it 
arises, perhaps, that notwithstaudiug the clearness of the 
style, tliose who attempt fairly to digest the book find 
much of it a sort of intellectual penimicau — a mass of 
facts crushed and pounded into shape, rather than held 
t<^ether by the ordinary medium of an obvious logical 
bond : due att-entiou will, without doubt, discover tliia 
bond, but it is often hard to find. 

Again, from sheer want of room, much baa to be 
taken for granted which might readily enough be proved ; 
and hence, while the adept, who can supply the missing 
links in the evidence from his own knowledge, discovers 
fresh proof of the singular thoroughness with which all 
difiiculties have been consideied and all unjueti&thlu 
wippositions avoided, at every reperusal of Mr. Darwin's 
pregnant jtaiagraphs, the novice iu biology is apt to 
complain of the frequency of what he fancies is gra- 
Uitous assumption. 

Thus while it may bo doubted if, for some years, any 
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one is likely to be competent to pronounce jndgraent on 
all the isauea raised by Mr. Darw-in, there is assuredly 
abuadant room for him, who, assuming the humbler, 
tliougb jwrhaiis as useful, office of an interpreter between 
the "Origin of Sji^cieu" and thy public, contents bimadf 
with endeavouring to point out the nature of tb« 
■problems which it disinissea; to distinguish between 
the ascertained facUs and the theoretical views wliich it 
contains ; and finally, to show the extent to which the 
explanation it offers e-itisfies the requirements of scientific 
logic. At any rate, it is this office which we purpose 
imdertake in the following pages. 

It may be safely assumed that our readox-g have 
general conception of the nature of the objects to whi 
the word " species ** is applied ; but it baa, perhaps, 
occurred to a few, even to those who are naturalists ex 
pw/esso, to reflecfc, that^ as comniouly eiuployed, the 
t«rm has a double Bense and denotes two vciy diSerent 
owlers of rcLitioiis. When we call a group of animals, 
or of plants, a species, we may imply tlicreby, either 
that all these animals or plants have some comroon 
peculiarity of form or structure ; or, wo may moan that 
they possess some common functional character. That 
part of biological science which deals with form and 
structure is called Morphology — that which concerns 
ifctL'lf with function. Physiology— so that we may con- 
veniontly speak of these two senses, or aspects, of 
"species" — the one as morpholgical, the other 08 .phy- 
siological, Regardi'd from the former point of view, a 
species is nothing more than a kind of animal or pi 
which is distinctly definable irom all others, by corta 
constant, and not mearly sexual, morphological pecul 
itica. Thus horses form a species, because the group 
animals to which that name is applied is distinguisJi 
from all others in the world by the following couatiuit]; 
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assor^iated clinractera Theyliavo 1. A vertebral column 
2. Mammae ; 3. A placental embryo ; 4. Four legs ; 5. 
single well-developed toe in each foot provided with 
hoof; 6. A busby tail; and 7. Callomties on the inne] 
aides of both the fore and the Iiind Wgs. The asaea, 
again, form a. distinct species, because, with the samal 
characters, aa far aa the fifth in the above Ust, all assea 
havetulted tails, and have callosities only on tlie inner 
side of the fore legs. If aninmls were discovered having 
the general characters of the horse, but Bomctimes with 
callosities only on the fore legs, and more or lees tiifCed 
tails ; or aaimals having the general characters of the.] 
ass, but with more or less bushy tails, and somedme^f 
with callosities on both pairs of legs, besides being inter-j 
mediate in other respects — the two species would liavej 
to be merged into one. They could no longer boj 
regarded as morphologically distinct species, for they] 
would not be distinctly definable one ftx)m the other. 

However bare and simple this definition of species I 
may appear to be, we conndently appeal to all practical 
naturalists, whether zoologists, botauista, or palseonto* 
logists, to say if, in the vast majority of cases, theyi 
know, or mean to affirm, anything more of the group of I 
animals or plants they bo denominate than what nas ju^l 
been stateti Even the most decided advocates of the- 
received doctrines respecting species admit this. 



" I appKtioniJ," Bays Profewor Owon,' "that few naturaliata now- 
a-daja, in. deactibing aud proposing a namo t'ur what they call 'a new 
ipfciea,' use tliat tsrm to fli^ify what waa nicimt bj it twenty or thirty 
jMia ago ; thai is, &a originally diatitiot cicatioi), maintaining iU ^J 
primitive distinctian by obstru'Ctive ganerativ« peculiarities. The pro ^M 
piiser of tho new sjiocies now inbQnda to st-ato no moie than he 
»ctiii]]y knows; a^ for example, that the diil:'i<rtnuos on vhich ha 

■ On th« Oateotcigy of th^ Oluupitur-eea and Oruiigs : Tnaaactioni of t 
2o»logioaJ Society, 1BC6, 
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t-iunit tlie ipecific character are constant in iBilividnals of botli : 
»n (at as obaervitioQ has mebecl ; uid that th«jr mo not dM 
dontL'^UrAtion or to artiHi^iiiUy mipArinitlwd lUibnnisl cinomstanoet^j 
to Bnf uutwim] iiiftni^iiiw Mritliin lits coHiiicujoo; tb«t Lha Bpeeieif 
wild, or in Budi as il a^p.>an by N^aUiru." 

If we consi<lcr, in fact, tliat by far the largest 
portion of re(;ordcd existing s[>ccie3 iire known only 
the study of their skins, or bones, oi other lifeles 
em via ; that we are nequaintod with none, or neit to 
none, of their phyaiological peculiarities, beyond those 
which can be aedaced Ixom tiieir structure, or are open 
to cursory observation ; and that we cannot hope to 
learn more of any of those extinct forms of life whicb 
now constitute no inconsidcrabte proportion of the knotrd 
Flora and Fauna of the world : it is oh\nous that the 
definitions of these speftiea cun be onJy of a purely 
structural op morphological eh;iracter. It is probable 
that naturalists would have avoided much confusion of 
ideas if they bad more frequently borne the necessary 
limitatioDs of our knowledge in mind. But while it 
may safely be admitted that we ara acquainted with 
only the morphological characters of the vast niajority 
of species — the functional, or physiological, peculiarities 
of s few have been carefully investigated, and the result 
o'f that study forms a large and most iuterestiug portio^^ 
of the physiology of reproduction. ^M 

The student of Kature wonders the more and is as- 
tonished the less, the more conversant he becomes with 
her operations ; but of all the perennial miracles she 
otfers to his inspection, perhaps the most worthy of 
admiration is the development of a plant or of an animal 
frum its embryo. Examine the recently laid egg of 
some common animal, such as a salamander or a ne^vt 
It 18 a miaute spheroid in which the best microacopo 
will ittveid nothing but a sti'uctui'clcs^ aac, cue-losing a 
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|g]airy fluid, holding granules in suspension. But strango H 
possiUilitLos lie dormaut in that acroi-iluid globule. Let H 
a moderate supply of warmth rcanh its watery cradle, ^| 
mid the plastic matter undergoeH changes so rapid and H 
yet so steady and purposolike in their succession, that H 
one can only compare them to those operated by a H 
skilled modeller upon a fomiless lump of clay. As H 
with an invisible trowel, the mfiss is divided and sub- ~ 
divided into smaller and smaller portions, until it is j 
reduced to an aggregation of gi'suiulea not too large to fl 
build witha,] the tiniest fabrics of the uaseent orgauisra. " 
And, then, it is as if a delicate ftnger ti-aced out the line 
to be occupied by the spinal column, and moulded the 
contour of the body; pinchiug up the head at one end, 
the tail at the other, aud fuahiouiiig fijuik and limb into 
due ealamandriuc proportions, iu so aitistic a way, that, 
after waleliing the process hour by hour, one is almost 
involuntarily possessed by the notion, tliat ajme more 
subtle aid to vision than an aehromatic, would show the 
hidden artist, with his plan before him, striving with 
fikilfiU manipulation to perfect his work. 

As life advances, and the young amphibian ranges the 
wat<irs, the terror of his insect contemporaiies, not only 
are the nutritious particles supplied by itfi prey, by the 
addition of which to its frame growth tiikea place, laid 
doAvn, each in its proper spot, and in such due proportion 
to the rest, as to i-ejHoduce the form, the colour, aud the 
size, characteristic of the parental stock ; but even the 
Wonderful powers of reproducing lost pai-ts possessed by 
these animals are controlled by the same governing 
teudency. Cut off the legs, the toil, the jaws, separately 
or all together, and, as 8fial!anzaui showed long ago, 
theite parts not only grow again, but the redintegratetl 
limb is formed on the same type ha those which were 
lost The new jaw, or leg, is a ncwt*s, aud never by any 

18 
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accident more like that of a frog. What is true of tV 
newt is true of every aiiimal and of every plant ; th* 
acorn tends to build itsL-If up again into a woodlaEid 
^Aat such as that from whose twig it fell ; the spore d 
the humblest lichen reproduces the green or brown 
iiicrusUitiou which gave it hii-th ; and at the other end 
of the scale of hfe, the child that resembled neither the 
piiti'mal uor the niatemal side of the house would be 
n»<r;trded as a kind of monster. 

So that the one end to which, in nil living beings, 
foniiative impulse is tending — tlic one scheme which thl 
Archosus of the old speculators strivea to cairy out, 
seems to be to mould the ofisprin? into tho likeness d 
the parent. It is the first great law of reproduction, 
that the offspring tends to resemble its parent or panai 
more closely than anything else. 

Science will some day show us how this law is 
necessary consequence of the more general laws wbic 
govern matter ; but, for the present, more can haitUy 
said tlmu that it apptmra to be in harmony with the 
AVe know that the phasnomena of vitality are not some- 
thing apart from other physical phasnomeua, but oae 
with them ; and matter and force are the two names of 
the one artist who fashions the living a.a well as the life- 
less. Hence living bodies should ol»ey the same great 
laws as other matter — nor, thioughoiit Nature, is there s 
law of wider application than this, that a body inipellfl d 
by two forces takes the direction of their resultant. ^^M 
living bodies may be regarded as nothing but extremely 
complex bundles of forces held in a mass of matLer, iW 
the complex forces of a magnet are held in the steel hy 
Its coercive force ; and, since the dificreuces of sex an-' 
comparatively slight, or, in other woids, the sum of tk 
forces in each has a very similar tendency, their tf- 
BultanJ^ the oflspring, may reasonably be expected 
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deviatd bat little firom a course parallel to citfacr, 
to both. 

Represent tbe reason of tbe law to onrselves by whi 
physical metaphor or analogy wo will, however, 
great matter ia to apprehend its existence and the im-' 
portance of the consequences deduciUe from it For-^ 
tbinga which are like to the same are like to one another^H 
and if, in a great series of generations, every offspring is" 
like its parent, it follows that all the offspring and all 
the parents must be like one another; and that, ^ven 
an original parental stock, with the opportunity of un 
disturbed multiplication, the law in question necessitates 
the production, in coatee of time, of an indefinitely largo 
group, the whole of whose membera are at once very 
eimilar and are blood rehitions, having descended from 
the same parent, or pair of purenta. The proof that all 
the members of any given group of animals, or plants, 
bad thus descended, would be ordinarily considered 
sufficient to entitle them to the rank of physiological 
Bpecies, for most physiologists consider species to be de- 
finable as "the oflspring of a single primitive stock." 

But though it is quite true that all those groups we 
call species may, according to the known laws of re- 
production, have descended fi-om a single stock, and j 
though is is very Ukely they really have done so, yet fl 
this conclusion rests on deduction and can biitdly hope " 
to estahlisli itself u]>on a basis of ob&ervatiou. And the j 
primitiveness of the supposed single stock, which, after fl 
all, is the essential part of the matter, is not only a 
hypothesis, but one which has not a shadow of fouuda- ■ 
tion, if by *' primitive " bo meant " independent of any fl 
other living being." A scientific definition, of which an ™ 
unwarrantable hypothesis forms an essential part, carries 
its condenmatiou within itself; but even supposing such 
a definition were, in form, tenable, the physiologist wiin 
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Minw an hm^ vatmie^ ac kaoin, b«t the origin ol 
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" Attfvmf 'tr ** Otter" sheep, of which « careful aceoniii 
^ KJl'o'M l^y *>»I#»el Dsvid Humphreys, F.R.S., in a letwr 
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im of the ordinary kind. In the year 1791, one 
of the ewcH presented her owner with a male lamb, 
differing, for no assignable reason, from its parents by a 
proportionally long body and short bandy legs, whence 
Jt was unable to emulate its relatives in those sportive 
Icnpa over the neighbours' fences, in which they were 
in the habit of indulging, much to the good farmer's 
"vexatiou, 

The second rase is that detailed by a no less uncy- 
ceptionable authority than Reaumur, in his " Art de faire 
^clore lea Pouleta." A Maltese couple, named Kelleia, 
■whose hands and feet were constructed npon the ordinary 
human model, had bom to them a eon, Gratio, who po«- 
Bcssed BIX perfectly moveable fingers on each hand and 
six toes, not quite so well formed, on each foot. No 
Diiise could be assigned for the appearance of this un- 
usual variety of the human species. 

Two circumstances are well worthy of remark in both 
tbeae cases. In each, the variety appears to have arisen 
in full force, and, as it were, jocr saUuva ; a wide and 
definite difference appearing, at once, between the Ancon 
ram and the ordinary fihcep ; between the sis-fingered 
and eii-toed Gratio Kelleia and ordinary men. In 
neither case is it possible to point out any obvious re-»son 
for tlie appearance of the variety. Doubtless there weie 
determining causes for these as for all other pha^noraena; 
hut they do nob appear, and we can be tolerably cer- 
tain that what are ordinarily understood as changes in 
pliysical conditions, aa in climate, in food, or the like, 
did not take place and had nothing to do with the 
matter. It was no case of what is commonly called 
(tdttptation to circumstances ; but, to use a conveniently 
erroneous phrase, the variations arose spontaneously, 
*J1iO fruitless waicJi after fitial ituusea leads their pursuers 
a long way ; but evcu those haixiy telcologibis, who ara 
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ready to brrak tliroujrh all the laws of pbTsics iu chaw 
of tneir favourite wiJI-o'-t he-wisp, may be puzzled tc 
discover what purpoRo could be attained by the stunted 
legs of Seth Wrights ram or tbe hcxudacijle mcmbora 
of Gratio Kulleia, 

Varieties thi-n arise we know not why ; and it is more 
than probable tbat the majoritj' of varieties have arisen 
in tbis "spoi.taiieous" manner, though we ai-c, of couiBe, 
far from denying thiit tliey may be traced, in some cases, 
to difitinet cxli;rn;il htflueucea ;* which ai-e assuredly com- 
petent to alter the character of the tegumentary cover- 
ing, to change colour, to increase or diminish tbe size of 
muscles, to modify constitution, and, among plants, to 
give rise to the metaniorpbosis of stamens into petals, 
and so forth. But however they may have arisen, what 
especially interests ua at present is, to remark that^ once 
in existence, varieties obey tbe fundamental law of re- 
production that like tends to produce like, and their 
offspring exemplify it by tending to exhibit the aarao 
deviation ii-om tbe parental stock as themselves. Indeed, 
there seems to be, in many instances, a pre-potent in- 
fluence about a newly -arisen variety "which gives it ' 
what one may call an unfair advantage over the normal 
descendants from tbe same stock. This is atrikiogly 
exemplified by tbe case of Gmtio EcUeia, who mamed 
a woman with the ordinary pentadactyle extrcmities, 
and bad by her four children, Salvator, George, Andrd, 
aud Mario. Of these children Salvator. the eldest boy, 
had six fingers and six toes, like his father; the second 
and third, also lx)y8, bad five fingers and five toes, like 
their mother, though the banda and feet of George 
were slightly deformed ; tbe last, a girl, had five fingers , 
and five toes, but the thumbs were slightly defoima^H 
The variety thus reproduced itself purely in tbe eldcaV^ 
while the normal t^'pe rcptoduced it&elf purely Ui Ui« 
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third, and almost purely in the eecond and last : 
that it would Beem, at first, as if the normal t} 
were moi'e powerful tha.n the variety. But all thi 
children grew up and intermarried with nonnal wiv. 
and husband, and tLeu, note what took place: 
I vator had four childrcD, thrco of whom exhibited the 
hexadactyk members of their grandfather and father, 
while the youngest had the pentadaetylc limbs of the 
mother and grandmother; so that here, notwithstanding 
a double pentadactyle dilution of the blood, the hexa- 
dactyle variety had the best of it The same pre-potcncy 
of tiie vjiriety waa still more markedly exemplified in 
the progeny of two of the other children, Marie and 
George. Maiie (whose thumbs only were deformed); 
gave birth to a boy with six toes, aud three othcrj 
nonnally formed cbildren ; but George, who was not: 
quit« so pure a pentadactyle, begot, firstj two girls, eaeh 
of whom had sis fingeraand toes; then a girl with six! 
fingers on each hand and six toes on the right foot, but 
only five toes on the left ; and lastly, a boy with only 
five fingers and toes. In these instances, therefore, the 
variety, as it were, leaped over one generation to re- 
produee itself in full force in the next. Finally, the 
purely pentadactyle Audrd was the father of many 
thildren, not one of whom depaited from the normal'j 
parentfd type. 

If a variation which approaches the nature of a mon- 
glroaity can strive thus forcibly to reproduce itaell', it is 
not wonderful that less aben-ant modifications should j 
tend to be preserved -even more strongly; and tbc bistory:B 
of the Ancon sheep is, in this respect, particularly in- " 
etructive. With the "'cuteuess" characteristic of their 
nation, the neighbours of the Haasachusets farme 
vniugimd it would be an excellent tiling if all Ins sheep 
were unbued with the stay-at-home tendeuciea enforced 
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hy Nature upon the newly-arrived ram ; and they advised 
Wright to kill the old patriarch of his fold, smd install 
iho Anpon ram in his place. The result justified theii 
Bagacioiis anticipations, and coincided very nearly with 
what occurred to the progeny of Oratio Kelleia. The 
young lambs were almost always either pure Ancons, or 
pure ordinary sheep.* But when sufficient Ancon aheep 
were obtained to interbreed with one another, it va» 
found that the offspring was jUways pure Ancon. Colonel 
Humphreys, in faot, states that he was acquainted with 
only "one questionable case of a contrary nature." 
Here, thvn, is a remarkable and well-cstahlished instance, 
not only of a very diRtinct race being establiahcfl per 
ealtuni, but of that race breeding ** true" at once, and 
showing no mixed forma, even when crossed with anoi " 
breed. 

By taking care to select Ancons of both sexes, 
breeding from, it thus became eiisy to establish an ex- 
tremely well-m:irked race ; so peculiar that, even when 
herded with other sheep, it was noted that the Ancoiu 
kept together. And there ia every n^ason to l>elicvc tliaE 
the CKistciiec of this breed might have been inde6nit«ly 
protracted ; but the introduction of the Merino sheets 
which were not only very superior to the Ancons in wool 
jiiid inwit, but quite iis quiet and orderly, led to the com- 
plete neglect of the new breed, so that, in 1813, Colouel 
liumpliiTL'ys found it difliculk to obtain the specimen, 

' Ooloiiot Humphreys' statementa luo exceedingly explicit on this point:— 
''When uii Ancon vviq Is iniprcgiuittid by n common nun, the intireiisA 

roaonjble^ wholly oitlier the owe or the pim. The Uiicreaao of the comiDini 
cwc iiiiijret;nnted by nn Ancun mm foliowa entirely tho one or the otlur, 




ififitlioul Lloiiding any of lUe diatinj:ui .thing iind e.iiieiittal pwjulinrities of botb. 
Frei|ueut instances tiavc Uaupcneil wljere winjuou ewt^ lavo b.id twina by 
AnooB tnnis, when ono exhibited the complete inarks and features of tb« 
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BWB, 0«» olliur of tlic mm. TUc contnitit lia* been rpndwwl aintiilnily 
kirikiiiKi wlitin one uliort-leif^ed iind oiio lutt{r-legg>ed kmb, |iroducea iit » 
liii'th, hivvc bet'ti «con anckin); tlio dam M ibo luuiic tUUAi'' — J Aifoaoj'^i'ol 

av<iMM(iw(«. i6Vi, rt. L, pp. 8^, du. 
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Vhose skeleton was presented tfl Sir Josiqili Banks. We 
Ibelieve that, for niauy yeiira, uo rerauaiit of it lias existed 
ia the United Statea 

! Gratio Kc'Ileia was not the progenitor of a race of six- 
fingered men, as Scth Wright's ram became a nation, of 
lAncon sheep, though the tendency of the variety to 
fierpetutato itself appcara to have been fully as strong, in 
the one case as ia the other. And the reason of the 
Idifierence is not far to seek. Seth Wright took eare not 
ito weaken the Ancon blood by matching his Ancon ewes 
[with any but males of the same variety, wliile Gratio 
[Kelleia's sons were too far removed from the patriarchal 
liiuea to intciTnany with their sisters ; and his grand- 
ehildrcn seem not to have been attracted by their siy- 
fiugcrcd cousins. In other woida, in the one example a 
taco was produced, bceauso, for several generations, care 
■was taken to select both parents of the breeding stock 
from animals exhibiting a tendency to vary in the same 
dircction ; wJiile, in the other, no race was evolved, because 
3io such selection was exercised. A race is a propagated 
variety; and aa, by the lawa of reproduction, offspring 
lend to assume the parental rorma, they will be more 
likely to propagate a variation exhibited by both parents 
than that po^esscd by only one. 

There is no organ of the body of an animal which 
may not, and does not, occasioDaliy, vary more or less 
from the normal type; and there is no variation which 
may not be transmitted, and which, if selectively trana- 
initted, may not become the foundation of a race. This 
grea.t truth, sometimes forgotten by philosophers, has 
Jung been familiar to practical agiiculturists and breeders ; 
and upon it rest all the methods of improving the breeds 
of domestic animals, which, for the last century, have 
been followed with so much success in England. Colour, 
furiUf fiizcp texturu of hair or wool, pr<jpurtIoDa of various 
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parts, strength or weakao^ of constitatioo, tendency to 
fottcn or to remain lean, to give much or little mill:, 
epeed, strength, temper, intelligenoe, special lostincta; 
there is not one of tbese charucters u'ho«c tnuisncisaon 
IB not an every-day occurrence within the experieiue 
of cattle-breedere, etock-fanncra, horse-dealers, and 
dog and poultry fanciers. Nay, it is only the othef 
day that an eminent physiologist. Dr. Browu-S^uard, 
communicated to the Koyal Society his discoveiy 
that epilepsy, artificially produced in guinea-pigs, by a 
means wiiich he has discovered, is transmitted to theit 
ofiapring. 

But a race, once produced, is no more a fijced 
immutable entity than the stock whenoe it sprang; 
variations arise among its members, and as these varia- 
tions are tniusmittcd like any others, new races may be 
developed out of the pre-existing oue ad injinitum, or, 
at leajit, within any limit at present determined. Given 
sufficient time and sufficiently careful selection, and tb« 
multitude of races which may arise from a common 
stock is aa astonishing as are the extreme s.'.ractnmJ 
differences which they may present A remarkable 
example of this is to be found in the rock-pigeon, which 
Mr. Darwin has, in our opinion, satisfactorily demon- 
Btrated to be the progenitor of all our domestic pigeons, 
of which there are certainly more than a hundred well- 
ma>ked races. The most noteworthy of these races are, 
the four great stocks known to the "fancy" as tumblera, 
pouters, carriers, and fantails ; birds which not only diffVr 
most singularly in size, colour, and habits, but in the 
form of the beak and of the ekall : in the proportions o( 
the lieok to the skuU ; ui the number of tail-feathera ; in 
the absolute and relative size of the feet ; in the presence 
or :J»seuce of the umpygJal ghind ; in the number of 
▼eatebrffi in the back ; in abort* in precisely thuae cLi*- 
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racters in which tlie genera and species of birds differ 
from oae aiiothcr. 

And it is most rcinarkaljle and instructive to olj^ferve, 
that none of these races can be shown to have been 
originated by the action of changes in what are com- 
monly called external circumstance^ upon the wild rock- 
■Mgeon. On the contrary, from time immemorial, pigeon 
Pronciera have had essentially similar methods of treating 
their pets, which have beeu houstid, fed, protected and 
cared for in much the same way in all pigeonries. lu 
fact, there is no case better adapted than that of the 
pigeons to refute the doctrine which one sees put forth 
on high ai]thority, that "no other chanictera than those 
founded on the development of bone for the attachment 
of muscles" are caiitible of vatiation. In precise con- 
tradiction of thi^ huBty assertion, Mr. Darwin'^ rcsearchea 
prove that the stdeton of the wings in domestic pigeons 
Las hardly varied at all from that of the wild typo ; 
while, on the other hand, it is in exat^tly those respects, 
eueh as tlie relative length of the beak and skull, the 
number of the vertebrfEj and the number of the tail- 
feathers, in which muscular exertion can have no im- 
portant iufiuence, that the utmost amount of variation 
La6 taken place. 

We have said that the following out of the properties 
exhibited by jjhysiological species would lead us uito 
difficulties, and at tliia point they begin to be obvious, 
for, if, as the result of spontaneous variation and o/ 
selective breeding, the progeny of a common stock ma) 
become separated into groups distinguished from ouu 
another by constant, not sexual, morphological characters, 
it is clear that the physiological definition of species is 
likely to clash with the morphological definition. No 
VUO would hesitatu to describe the pouter and tlui 
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rambler a.i distinct species, if they were 
if tlieir skins and fikclctoDS were imported, as tbae rf 
pxotic wild birds conunooly arc— and, vilfcoat doab^if 
(y>n5idered alone, they are guod and dfatitt iBjihi 
logical species. On the other hand, tbey an doc pfeT*^ 
logical species, for they ore deseendail from m eon... ~. 
stock, the rock-pigeon. 

Undt'T these circumstancea, as^ it is admitted on nH 
sides that races ocnor in Nature, hov are we to - 
whether any ^^oreotly distinct animala are reaUy «( 
different phraioHigical ^)eciea, or not; aeeiBg that ^ 
amount of morphological differeoce is no aaie gnd*' 
Is there any teat of a phyiicJogical epeeieB? Die «3Bi1 
answer of physiologists is in the affinnatiTe. It is and 
that $ach a test ia to be foond in the phjenomcsa of 
hybrt^lization — in the resnlta of craaaii^ noe^ as com- 
imxvd wiih the results el craasing qtecies. 

So £u as the evidence goes at present, individuals, °t 
whafc an cestainly known to be mere races produced bj 
aeleetiaa, hovever distinct they may afmar to be; ncc 
only br^ &ecly together^ but the ol^wing of audi 
crosBed Baees an only peifectly fertile with one aaodier. 
Thaa, tike apamd and die grey n o B nd, the dray-hone and 
tbe Arab, the pouter and the tumbler, breed togekfafr 
with perfect freedom, and their mongrels, if matched 
vitb other mongielBcf the SMne kind, are equally fertile 

On the other hand, there can be no doubt that the 
iwUviduals of many natunl species are eith» absolotely 
ialbrtUo, if crossed with indindaak of other sp ocSoe , or, 
if (h^y give lise to hybrid oSspring, the hvbrids sr 
^fodooed are infL-rtile wL*!n paired to^ikber. 'the bor% 
i^jud thfft asa, for io^tan^e, if 50 crossed, give rise to the 
mh and there is no certain evidence of ofl^inng ever 
bftviug t>een prodaced br a male and female mnle. Tfa» 
iUi'.>u& U' tlw Koek-pigeon and tbfi riug-pig»<ui appear W 
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be equally barren of result. Here, then, says tlie pl»y- 
siologist, we have a meaws of (UstiEguishiiig any two 
true species from any two varieties. If a male and a 
female, selected from each group, produce offspring, and 
that offspring is fertile with others produced in the same 
way, the groups are races and not species. If, on the 
other band, no result ensues, or if the offspring are 
infertile with othere produced in the same way, they are 
true physiological specieij. The test '.vould be an admir- 
able one, if, in the first place, it were always practicable 
to apply it, and if, in the second, it jilways yieliled 
results susceptible of a definite interpretation. Unfor- 
tunately, in the great majority of cases, this touehstoni 
for species is wholly inapplicable. 

The constitution of many wild animals ia so alte; 
by confinement that they will not breed even with their 
own females, so that the negative results ohtiiined from 
Rrosses are of no value ; and the antipathy of wild animals 
of difterent species for one another, or even of wild and 
tame members of the same species, is ordinarily so great^j 
that it ia hopeless to look for such unions in NuturcW 
The hermaphrodism of most plants, the difficulty in the 
way of ensuring the absence of their own, or the proper 
working of other pnlluu, are obstacles of no less magni- 
tude in applying the test to them. And in both animals 
and plants is superadded the further difficulty, that 
experiment* must be continued over a long time for the 
purpose of ascertaining the fertility of the mongrel o; 
hybrid progeny, as well aa of the first croBsea irom 
which thej spring. 

Not only do these great practical difficulties lie in thi 
way of applying the hybridization teat, but even when 
this oracle can be questioned, its replies are sometimes 
(u doubtful as those of Delphi. For example, cases are 
eited by Mr. Darwin, of plants which are more fertilu 
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with tbc poUcu of another specic3 thoa with their o^ 
and there lire others, such as eerUiin fuci^ whose mi 
clement will fertilize the ovule of a plant of distinct bm* 
cies, while the males of the latter species are ineflFectiTe 
with the fumiUes of the first So that, in the last-named 
instance, a physiologist, who should cross the two Bpeciea 
in one way, would decide that they were true apecieB; 
while another, who should cross them iu the reveiee 
way, would, with equal justice, according to the rule^ 
pronounce them to be more races. Several plants, which 
tliere is great reasou to believe are mere varietiea, are 
almost sterile when crossed ; while lx)th animals ami 
plants, which have always been regiirrlcd. by naturalists 
as of distinct species, turn out, when the test is appliwl, 
to be perfectly fertile. Again, the sterility or fertility 
of creases seems to bcjir no relation to the stmctural 
loscmbkuces or diO'erenceB of the members of any two 
groups. 

Mr. Darwin lias diaeusscd this question with sin^ilar 
ability and circumspection, and his eont^hisious are 
aunmied up as follow, at page 276 of his work :— 

"First crusttes between forms eniriciuntly 'listinct to be ranked aa 
BpeciBB, and their hybrids, are very gQiitjniily, but not utiiveniallyf 
slerilo. I'ha iittirility U oi all de^eea, and is oflii^ii so nli^lit tiiat tl 
two meet uarerul ex perimentii lists wlin hivvn ever tiveJ b»vo comu 
di«nietri<^ljF opjiosile concliixioiix in niiikiiiy foniw by tbis tast Thi 
Merility is innalely varinhlo in inrlividnn!* o1 tKo niitne s|>eciea, and ii 
ominently atiBceptibk of favourable and uiifavoumblo camliLiuiiA. Tli 
degree of eterUity does not strictly follow eystenintic af&oity, but 
governed by several curioiie and mmplGjt laws. It ia generally dif- 
ferent, liud somotimes widely djfferptit, in rucigjro'cal crosses betweau 
Che same two specins. It is not aLwnye pquul in, dugroo in a Hmt crog^ 
and in thu hybrid prod(i«ed from ttiis croctH. 

"Id the eanio moaner aa in ^iLftiag treea, th« capacity of 
itpeciea or variety to take on »»j'olliar i« incidental un kokci 
unknown difrureucGs in (.Insir vej^etutive ByeLems ; m in croaaing, 
grciitcr or laee faeiliiy of oue Bpeetedi to unite >i>ith another is ind' 
deuLul uu uaknowu ditforencw lu ibeir repioduotire syatenw 
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U BO mure ronaon to think that ppedea have heon ppBciiilly oniiowt.'tl 
with various degrees of sterility to prevent them crossing and Ijrewling 
in Nature, tTntn to think that trees Imve heen apeciuJly endowed with] 
TarioQB and eomewhat analogue degrpes of difficulty ia beiug Rr^«<l: 
together, in order to preveut ibem becoming inarched in oui forests. 

*'The sterility of firat croaaes between pure speuiaa, which have 
their rcprotluctive Mystetna pen-feet, aeems to depend on efiveral ciroum- 
Btancas ; in aonie caaea largely on the early death of the embryo. Thfl 
Bterilily of hybrida which have their reproduttive systems imperfect, 
snd which have had this eyetem and their wholo organization dia- 
tnrhed hy being compounded of two (iiBtinct speoios, eeenis oloaelj 
aliiod to that fite-rility which so frequently affVr.ta pure eppcieswhen 
their natural conditions of life have beon <list«rhpd. This view is 
supported by a parallelism of another kind ; namely, that th« croaaing 
of forms, only slightly difl'erGnt, ia favourable to the vijcour and fertility 
of the offspring ; aTid that slight changes in the conditions of life arB' 
apptutntly favourable to the vigour and fertility of all orfjaaic beinga, 
It U not surprising that the degree of dlifiuuUy in uniting two speciea 
and the dej^ree of sterilily of their hybrid offspring, Bbnnld generally 
ooiKspond, though due to distinct causes ; for both d^p&nd on the 
ainnunl nf ditlV'rctJce of some kind between the species which are 
crossed. Nur is it aurpriiiing th«t the facility cif pfl'i'ctitig « tirat cross, 
tha fortuity of hyhrida produced from it, and the capacity i>f being 
grafted togftlher — though this latter capacity evidently depends on 
widely tlitferent circumstances — should all run to a certain extent 
jiuralli>l with the sysUi'iuatto affinity of tlie forme whicli ai-o subjected 
to experiment ; for systematic affinity attempts to eiipress nil kiada of 
resemWance betwe-t'n all species. 

*' First crosaea botwepn forms known to l>e variolies, or sufficiently 
alike to be considered els varieties, and their uiongrol oEl6»ritig» are 
TBiy getinrally, but not quite univeraally, lerlile. Nor is ihis nearly 
genvnil and [>erfect fcirtility surprising, when we mni^inher bow liabla 
we are to argue in a circle with respect to varieties ia » state 
ffsture ; and when we remeuibei that the greater numlier of vari^tieA 
have been produced under domestication by the selection of mera 
external differences, aiid not of difl«rences in the teproduotivo system. 
In ail ^>tiier reaptiuts, excluding fertility, there is a ciuso genertl 
resmuhlunce hetween hybrida and niongrela."'^Pp, 276-ti, 

We fully agree with tlie general tenor of this weighty^ 
pruisage; but iorcible a3 are tLeso arguments, and little aa 
the value of fertility or infertility as a test of species mayj 
be, it must not be forgotten that the really importaotj 
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fai^, 80 far as the inquity into the ori<,'in of epecicj 
goes, is, that tlioi-ft arc such things in Nature as n;roape 
of animals and of ]>l!in1if, whose members are iiic;ii>abl« 
of fertile union with those of other groups; and that 
thert* are such things a.s hybrids, which are absolutely 
sterile when crossed with other hybrids. For if sucQ 
phicnomcna as these were exhibited l>y only two of thoM 
assemblages of living objects, to which the name of 
species (whether it bo used in its physiological or in 
its morjihologieal sense) is given, it would have to be 
accounted for hy any theory of the origin of species, and 
every theory which could not account for it would be, so 
far, imperfect 

Up to this point we have been dealing v-nth matters of 
fact, and the stateraenta whieh we have laid before the 
leader would, to the best of our knowledge, be admitted 
to contain a fair exposition of what ia at present known 
respeetiug the essential properties of spociea, by all who 
have studied the question. And whatever may be his theo- 
retical views, no naturalist will probably be disposed to 
demur to the following summary of that exposition : — 

Living beings, whether animals or plants, are divisible 
into multitudes of distinctly definable kinds, which are 
morphological species. They arc also divisible into 
groups of individuals, which breed freely together, tend- 
ing to reproduce their like, and are physiological specie*. 
Nonnally resembling their parents, the offspring of 
members of these spcctos are still liable to vary, and the 
variation may be perpetuated by selection, as a rate, 
which race, in many cases, presents all the characteriaticB 
of a morphological species. But it is not as yet pnived 
that a race ever exhibits, when crossed with another race 
of the same species, those phcenoniena of hybridization 
which are exhibited by many species when crossed with 
other Epeciea. On the other baud, not only is it not 
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pipoved that all species give rise to hybrids infflrtile 
inter se, but there is much reason to believe that, in 
crossing, species exhibit every gradation from perfect 
Sterility to perfect fertility. 

Such are the most essential chaitictcriatiea of apecies. 
Even were man not one of theni — a member of the same 
aystem and subject to the same Inws — the question of 
their origin, their causal coanexion. tliat is, with the 
other pbcenomena of the universe, must have attracted 
his attention, aa soon as his intelligence had. raistd itself 
above the level of his daily wants. 

Indeed history relates that such was the case, and 
has embalmed for us the speculiLtions upon the origin 
of living beings, which were among the earliest products 
of the dawniug intellectual activity of man. In those 
early days positive knowledge was not to be had, but the 
craving after it needed, at all h.izards, to be satisfied, and 
according to the country, or the turn of thought of the 
sjjecuhitor, the suggestion that all living tilings arose 
from the mud of the Nile, from a piimeval egg, or from 
some more anthropomorphic agency, niforded a sufficient 
resting-place for hia curiosity. The myths of Paganism 
are as dead as Osiris or Zeua, and the man who should 
revive them, in opposition to the knowledge of our time, 
would be justly laughed to scorn ; but the coeval imagi- 
nations current among the rude inhabitants of Palestine, 
recorded by writers whose very name and age are 
admitted by every scholar to be unknown, have unfor- 
tunately not yet shai'cd their fate, but, even at this day, 
«re regarded by nine ■tenth-'? of the civilized world as the 
authoritative standard of fact and the criterion of the 
justice of scientific eonclusiona, in all that relates to the 
origin of things, and, among them, of species. In this 
nineteenth century, as at the diiwu of modem physical 
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science, the roftraogony of the semi-barharous Hebnew ii 
the iiiculms of tlie iiliilusoplier iuid the opprobrium of ths 
orthodox. Who shall number the patient and eanieet 
seekers after truth, from the days of Galileo until now, 
whose lives have iteeii embittered and their good nnma 
blasted by the mistaken zeal of Bibliolaters ? V^w 
shall count the host of weaker men whose sense of 
truth has been destroyed in the eflbrt to harmonize 
impoBsibilitiea — whose life baa been wasted in tbe 
attempt to force the generous new wine of Scieoce 
into the old bottles of Judaism, compelled by the outcry 
of the same strong party ] 

It ia true that if philoaophers have suffered, their 
cause has been amply avpnged. Ejrtinguiahed theolo- 
gians lie about the cradle of every science as the 
strangled snakes beside that of Hercules ; and history 
records that whenever science and orthodoxy have been 
fairly opposed, the latter has been forced to retire from 
the lists, bleeding and crushed, if not anuihilatcii; 
Bcotched, if not slain. But orthodoxy is the Bourbon 
of the world of thought It learns not, neither can it 
forget; and though, at present, bewildered and afraid 
to move, it is as willing as ever to insist that the firet 
chapter of Genesis contains the beginning and the end 
of sound science ; and to visit with such petty thunder- 
bolts as its half-paralysed Iianda can hurl, those wha 
refuse to degrade Nature to the level of primitiva 
Judaism. 

Philosopbei-s, on the other hand, have no such afmet- 
sive tendencies. With eyes fixed on the noble goal to 
which "per aspera et ardua" they tend, they may, now 
imd then, be stirred to momentary wrath by the unnows- 
Kuy obstacles with which the ignorant, or the maJicious, 
encumber, if they cannot bar, the difficult path ; but 
why should thtiir souk h^ deeply vexed 1 The maj 
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of Fact is on their side, aud the elemental forces of 
Nature are workiug for them. Not a star comes to tlie 
merifliaii at its calculated time but testifies to the justice 
of their methods— their beliefs are "one with the falling 
rain siad with the gi'owing corn." By doubt they are 
rstablJslied, and open intjuiiy is their bosotn friend. 
Such men have no fear of traditions however venerable, 
and no respect for them when they become mischievous 
and obstructive ; but they have better than mere anti- 
quarian business in haiid, aud if dogmas, which ought to 
he ibssil but are not, are not forced upon their notice, 
they are too happy to treat them as nou-existcnt. 

Tlie hyjxithtsts respecting the origin of species which 
profess to stand upon a sticutific biisis, and, as such, 
alone demand serious attention, are of two kinds. The 
one, the *' special creation " hypotheBis^ presumcfl every 
species to have originated from one or more stocks, 
these not being the result of the modification of any 
other form of living matter — or arising by natural 
agencies — but being produced, as such, by a super- 
natural creative act. 

The other, the so-called "transmutation" hypothesis, 
considers that all existing species are tlie result of the 
modification of pre-existing species, and those of their 
predecessors, by agencies similar to those which at the 
pn^sent day produce varieties and i-aeea, and therefore ia 
an altogether natural way ; and it is a probable, though 
not a necessary conseijueuce of this hypotliesis, that all 
living beings have arisen from a single stock. With 
ivepect to the origin of thia primitive stock, or stocks, 
the doctrine of the origin of species is obviously not 
necessarily concerned. The transmutation hypothesis, 
for example, ia pei-foctly consistent either with the eon- 
'Ception of a special creation of the primitive germ, or 
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«*it*h the supposition of iui liaviug arisen, as a modifi- 
cation af inor^iiuic matter, bj natuial causes. 

The doctrine of special creation owes ita existfiica 
very lai-gely to the supposed necessity of making sciinice 
accord with the Hebrew cosmogony ; but it is curious 
to observe that, as tlie dootrine is at present maintaincil 
by men of science, it is as hopelessly inconsistent witii 
the Hebrew view as any other hypothesis. 

If there be any result which has come more clearly 
out of geological investigation than another, it is, thttt 
the voRX, aeries of extinct animals and plants is . not 
divisible, as it was once supposed to be, into distincJ 
groups, separated by ahaa-pIy-msLrked boundaries. There 
are no great flulfe between epochs and formations — no 
successive periods marked by the appearance of planta, 
of water animals, and of land animals, en Tnaase. Every 
year adda to the Uat of links between what the older 
geologists supposed to be widely separated epochs : 
witness the crags linking the drift with the older ter- 
tiiiries ; the Maestricht beds linking the tertiarics with 
tho chalk ; the St Caaeian beds exhibiting an abundnnt 
fauna of mixed mesozoic and paL-eozoic tj'pes, in rocka 
of an epoch once supposed to be eminently poor in life ; 
witness, lastly, the inces-^ant disputes as to whether a 
given stratum shall tc reckoTied devonian or carbon- 
iferous, Silurian or devonian, catnbrian or silurian. 

This truth is further illustrated in a most interesting 
manner by the impartial and highly competent testimony 
of M. Pictetj from whose ciileulations of what percentage 
of the genera of animals, existing in any formation, lived 
during the preceding formation, it results that in do 
case is the proportion less than one-third, or 33 per 
cent. It is the triassic formation, or the comraencemeiit 
of the mesozoic epoch, which has received this amalleat 
iuhericauee irom precediug ages. The other fonnutioui 
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not ancommonly exhibit 60, 80, or even Qi jier cent 
of genera in common with those whose remains aro 
imbedded in their predecessor. Not only is this true, 
but the 8ubdi\THions of eacli formation exhibit new 
Bpeciei* characteristic o^ and found only in, them ; and, 
in many cases, as in the lias for example, the separate 
beds of these subdivisiona are distinguished by well- 
marked find peculiar forms of life. A section, a hundred 
feet thick, will exhibit, at different heights, a dozen 
species of ammonite, none of which passes beyond its 
particular zone of limestone, or clay, into the zone below 
It or into that above it ; so that those who adopt the 
doctrine of special creation must be prepnrcd to iidmit, 
that at intervals of time, corresponding with the thickness 
of these beds, the Creator thought fit to LDterfcrc with 
the natural course of events for the purpose of making 
a new ammonite. It is not easy to transplant oneself 
into the frame of mind of those who CEin accept Bueh a 
conclusion as this, on any evidence short of nbaolute 
demouatratjon ; and it is dlfllciilt to see what is to bo 
gained by so doing, since, aa we have said, it is obvious 
that such a view of the origin of living beings is utterly 
opposed to the Hebrew cosmogony. Deserving no aid 
iroTd the powerful arm of bibliohtry, then, does the 
received form of the bypotheais of special creation derive 
any support from science or sound logic ? Assuredly 
not much. The arguments brought forward in ite favour 
all take one foim ; If species were not superuatuially 
created, we cannot understand the facts x, or y, or z ; 
we cannot understand the structure of aniinala or plants, 
unless we suppose they were contrived for special ends ; 
wc cannot understand the structure of the eye, except 
by aupposing it to have been m&dc to ace with ; we 
cannit understand inslincts, unless we suppoae aiumaU 
.to have been miraculously endowed with them. 
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Ai a queetion of diiilcctics, it must be admitted 
this sort of reasoning is uot very formidable to tlioM 
who aixi not to be Mgbtencd by consequences. It ia an 
argumentum ad ignorantiam—tdV^ this explanation or 
be ignorant But suppose we prefer to admit our igno- 
rance rather than adopt a hypothesis at variance witii 
aJI the teachings of Natuie? Or, suppose for a momeut 
we admit the explanation, and then eeriously aak our- 
Helves how much the wiser are we ; what doea tha 
explanation explain ? Is it any more than a grandilo- 
quent way of announring the fact, that wo really know 
nothing about the matter ? A pbcenomenon is explaiiol 
when it is shown to be a case of some general law of 
Niiture; but the sufiematural Interposltiim of the Creator 
can, by the nature of the case, exemplify no law, and if 
species Lave i-eally ariswu in this way, it is absurd to 
attempt to discuss their origin. 

Or, liiKtly, let us ask ourpelvca whether any amount 
of evideuce which the natvive of our faculties permits ua 
to attain, can justify us iu asserting tbat any phreno- 
menon is out of the reach of natural cauaation. To this 
end it is obviously neeeesary that we should know all 
the coDscquences to which all possible combinations, 
continued through unlimited time, can give rise. If wo 
knew these, and found none compttent to originBtfi 
species, we should have good ground for denying theii 
origin by natural causation. Till we know them, any 
hypothesis is better than one which involves oa in sudi 
miserable presumption. 

But the hypothesis of special creation is not only i 
mere specious mask for our ignorance ; its existence in 
Biology marks the youth and imperfection of the science, 
For what is the history of every science but the his- 
tory of the elimination of the notion of creative, « 
other interfurences, with the natural order of the pha^no* 
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mcna which are the subject-matter of that Bcience?fl 
When Astronomy was young *' the morning atars sang 
together for joy, ' and the planets were guided in their 
courses by celestial hands. Now, the hiirmoiiy of thi 
stars has resolved itself into gravitation according t< 
the inverse squares of the tli&tancea, and the orbits 
the planete are deducible from the laws of the forct 
"which allow a schoolboy's stone to break a window.j 
The lightning was the angel of the I^ord ; but it ha 
pleased Providence, in these modem times, that scieneeJ 
should make it the humble messenger of man, and wej 
know that every tiasli that shimmers about the horizonJ 
on a siimmer'a evening is determined by ascertain able] 
conditiona and that its direction and hriuhtness might, 
if our knowledge of these were great enough, have been 
calculated. 

The solvency of great mt reantile companies restJi oi 
the validity of the laws which have been aseertainec 
to govern the seeming irregularity of that human life 
which the moralist bewails as the most uncertain of 
things ; plague, pestilence, and famine aj-e admitted, by 
all but fools, to W the natural result of causes for the 
most part fully within human control, and not thCj 
unavoidable tortures inHicted by wrathful Omnapotenc( 
upon his helpless handiwork. 

Harmonious order governing eternally continuous^ 
progress — the web and woof of matter and force inter- 
weaving by alow degrees, without a broken thread, that 
veil which lies between us and the Infinite — that^ 
universe which alone we know or can know ; such isfl 
the picture which seieuce draws of the world, and in 
proportion as any part of that picture is in unison witb 
the rest, so may we feel sure that it is rightly painted. 
Shall Biology alone i-emain out of hai'mony with her. 
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Such argiimontR against the hypotJiesis of the dived 
creation of species as these are plainly enough, deducible 
from general considerations ; but there are, in additioD, 
phcenoraena exhibited by species themselvea, and yet 
not so much a part of their very essence as to have 
required earlier mention, which are in the highest degree 
perplexinsj, if we .'idopt the popularly accepted hypo 
thosia. Such are the facta of distribution in space and 
in time ; the singular phiBnometia brought to light bv 
the study of development ; the structural relationfl of 
species upon which our systems of class ifi cation are 
founded ; the great doctrinea of philosophical anatomy, 
such as that of homology, or of the community of 
structural plan exliibit^d by large groups of specioL 
differing very widely in their habits and functions 

The species of animals which inhabit the sea oT 
opposite sides of the isthmus of Panama are ■wholly 
distinct ; * the nnimals and plants which inhabit ialan(fa 
are commonly distinct from those of the neighbouring 
mainlands, and yet have a similarity of aspect. Tha 
mammals of the latuat tertiary epoch in the Old aud 
"New Worlds belong to the same genera, or family 
groups, n,3 those which now inhabit the same great 
geographical area. The crocodilian reptiles which existed 
in tlm earliest secondary epoch were similar in general 
structme to those now living, but exhibit alight differ- 
ences in their vertebra?, nasal passages, and one or two 
other points. The guinea-pig has teeth which are shed 
befoi-e it is btirn, and hence can never subf^erve the 
masticatory piu-pose for which they seem contrived, and, 
in like manner, the female dugong has tusUa which 
never cut the gum. All the members of the sariw 
great group run through similar conditions in their 

■ Kec«nt investi^tioni Mnd to ihow thnt this atateuieat u aot striotll 

luiiito.— 1870. 
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development, and all their parts, in the adult state, are 
arranged aeconliDg fx> the same plan. Man is more liko 
a gorilla than a gorilla ia like a lemur. Such are a few, 
taken at random, among the multitudes of Birailoj facta 
which modem research has established ; but when the 
etndent seeks for an explanation of thera from the sup- 
porters of the received hypothesis of the origin of species, 
the reply he receives is, in substance, of Oriental sim- 
plicity and brevity — "Mashalhih! it so pleases God!" 
There are different species on opposite sides of tbe 
isthmus of Panama, because they were created different 
on the two sides. The pliocene mammals are like the 
existing ones, because sueh was the plan of creation ; 
and we 6nd nidimental organs and elnallariry of plan, 
because it has pleaj^ed the Creator to set before himself 
a "divine exemphar or archetype," and to copy It in his 
works; and somewhat ill. those who hold this view 
imply, in some of them. That such verbal hocus-pocus 
shoald be received as science will one day be regarded 
as evidence of tlie low state of intelligence in the nine- 
teenth century, just as we amuse ourselves with the 
phraseology about Nature's abliorrence of a vacuum, 
wherewith TorriceUi's compatriots were satisfied to 
esplaia the rise of water in a pump. And be it recol- 
lected that this sort of satisfaction works not only 
negative but positive ill, by discouraging inquiry, and 
no depriving man of the usufruct of one of the most 
fertile fields of his great patrimony, Nature. 

The objections to the doctrine of the origin of species 
by special creation which have been detailed, must have 
occurred, with more or less force, to the mind of every 
one who has seriously and independently cmi.'iidered the 
flubject. It is therefore no wonder that, from time to 
time, this hypothesis should have been met by counter 
hypotheses, all as well, and some better, founded tbca 



itaelf; anA it is curious to remark that tbc invcntorBol 
the optKxsing views seem to have beca led into them 
as much by their knowledge of geology, as by their 
acquaintance with biology. In fact, when the mind baa 
ODce luhinttcd the conception of the gradual production 
of the present physical state of our globe, by natural 
caiues operating through long ages of time, it will be 
little disposed to allow that living beings have made 
their appejirance in another way, and the speculations of 
De Mailtet and bis successors are the natural complement 
of Scilla'a demonstration of the true nature of fossils, 

A contemporary of Newton and of Leibnitz, sharlnf 
tlicrefore iii the intellectual a^itivity of the remarkable 
age which witne&^d the birth of modern physical 
science, Benoit de Maillet spent a long life as a consnlar 
agent of the French Govermneot in Viuious Mediter* 
ranean porta. For sixt-een yeMS, in fact, he held tbe 
office of Consid-General in. Egypt, and tlie wonderful 
pbaenomena offered by the valicy of the Nile appear to 
nave strongly imprc&scd his mind, to have directed his 
attention to all factd of a simitar order which came within 
observation, and to have led him to speculate on, tbo 
igin of the present condition of our globe and of ita 
inhabitants. But, with all his ardour for sciooce, De 
Maillet seems to have hesitated to publish views which, 
notwithstanding tbe ingenious attempts to reconcile 
them with the Hebrew hypothesis contained in the 
preface to " TeUiamed," were hardly likely to be received 
witii favour by Ids contemporaries. 

But a short time bad elapsed since more than one of 
tbe great anatomists and pbysicists of the Italian school 
had paid dearly for their eiideavours to dissipate a ome of 
the prevalent errors ; and their illustiious pupil, Harvey, 
tbe fouucler of modern physiology, had not fared so well, 
in i\ country less oppressed by the benumbing iiifiutj 
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of theolc^y, as to tempt, any man to follow his e:iample. 
Probably not "aniiifluenceii by these considerations, nis 
Catholic majesty's Consul-General for Egypt kept his 
theories to himself throughout a, long life, for "Telli- 
amed," the only scnentific work which ia known to have 
proceeded from his pen, was not printed till 1735, when 
Its author had reached the ripe age of seventy-nine ; and 
though De Maillet lived three years loncrer, his book was 
not given to the world before 1748. Even then it was 
anonymouB to those who were not in the secret of the 
anagramatic chaructcr of its title ; and the preface and 
dedication are so worded as, lu r,aae of necessity, to give 
the printer a fair chance of falling back on the excuse 
that the work was inteacled for a mere jeu d'ei^prit. 

The speculations of the supposititious Indian sage, 
though quite as sound as those of many a " Mosaic 
Geology," which sells exceedingly well, have no great 
value if we consider them by the light of modern ^ 
science. The waters are supposed to have originally fl 
covered the whole globe ; to have deposited the rocky ^ 
masaea which compoBC its mountains by processes com- i 
parable to those which are now forming mud, sand, and fl 
Bhingle ; and then to have gradually lowered their level, ™ 
leaving the spoils of their animal and vegetable inhabi- 
tants emlwdded iu the stnit.a. As the dry land appeared, 
certain of the aquatic animals are supposed to have 
tiiken to it, and to have become gradually adapted to 
terrestrial and aerial modes of existence. But if wc 
regard the general tenor and style of the reasoning in 
ration to the state of knowledge of the day, two 
drcumstances appear very well worthy of remark. The 
firat, that De Maillet had a notion of the modiliability of 
living forms (though witliout any preeise information on 
the aubject), and how such modiliability might account 
for the origin of species ; the second, that he verj 
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clearly apprehendecl the great modem geological doo* 
trino, 80 strongly iusisted upon by Hutton, and w 
ably and comprehensively expounded by Lyell, that we 
must look to existing causes for the explanatioa uf put 
geological events. Indeed, the following passage of the 
preface, in which De Maillet is supposed to apeak of the 
Indian philosopher Telhamed, hia after ejro, might have 
been written by the moat philosophical imiforiuitarian of 
the present day :— 

"Oe qn'U y a d*£tonRant, eet qnc p«ur ftrriver k c«8 oonnoissuMii 
it nemble avoit p«rvcrLi Tordre Daburcl, puisqu'au liieu de a'atUckei 
d'abord ik rcchcrcher I'ori^ine de nntre s\.ohe il n coinmenc^ pu 
trnvniller & s'lOstnurn da In nnttire. Miiis k I'^nteiidre, ce reavm» 
ni«t)t, dft I'ordre a i\A pAor lui t'effet d'un g^iiid Civorable qui 1^ 
cuiuduit. pas h poa et comme par la main itu]; decouvertes tea plm 
RiibliDms, Cost en dccoin]>QBatit la Eubgl.&ni:« de ce globa pap ons 
anatomie exacte da toutes ^i parties qu'il a. premi^rement &ppiU d« 
4111^] IcH mabicres i\ etait compoeti et quels nrronKenion^ ces tnomea 
niiiti6rp8 obspTvaient «rtre pllea. Cpb lumiorcs jointea & Vesprit tU 
comparaiann tonjoura Hiiceaajiiro k quiconque entMprend de peicerlu 
voile» duut la natiiro oime k ec uwliur, ont ttervi ilo }^de & uotra 
pliilo8i3phe pour parvenir k des 4.'oiLiioi«Kuii<:<?ii plus inl.SraggiinteK. 1^ 
la nisli^re et rarmn^inpiit de l'qs eompoaitione il pretend nroic 
mcoiuiu quelle est la viirit^itble origins de ce globe que nous habiton^ 
(iommeut et pur qui il a ^tt* formij." — Pp. xix. ix. 

But De Maillet was before hia age, and as could 
hurdly fail to huppen to one who speculated ou a zoolo- 
gical and botanical question before LinuteuM, and on a 
phyaiological problem before Haller, he fell into great 
orrora here and there ; and hence, perhaps, the general 
neglect of his work. Robinet'a speculations are rather 
behind, than in advance of, those of Da Maillet; and 
though LinDa3U3 may have played with the hj-pothoAia 
af transmutation, it obtained no serious support nnlil 
Lamarck adopted it, and advocated it with great ability 
ill his " Philoaopliie Zoologique." 

Impelled towards the hypothesis of the tiansmutati^ 
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of sperips, partly hy his general coamological and geolt 
gical views ; partly hy the conception of a graduated, 
though irregularly branching, scale of being, wiueh hac 
arisen out of his profound study of plants and of 
lower forms of animal life, Lamarek, whoBi? general line 
of thought often closely resembles that of Do iMaillet, 
made a great advance upon the crude and merely specu- 
lative manner in which tliat writer deals with the quea 
lion of the origin of living beings, by endeavouring tc 
find physical causes competent to effect that change of 
one species into another, which De Maiillet had only 
supposed to occur. And Lamarck conceived that be 
had found in Nature such eauries, amply suflicient for thej 
purpose in view. It is a phyaiologleal fact, he says, that] 
organs are increased in size hy action, atrophied byj 
inaction ; it is another physiological fact that modifica-] 
tions produced are transmissible to offspring. Change 
the actions of an animal, therefore, and you will change i 
ita structure, by increasing the developmeat of the parta^^ 
newly biouglit into use and by the diminution of those™ 
less used ; but by altering the circumgtances which , 
surround it you will alter its actions, and hcuce, ia tbd« 
long run, cbange of circumstance must produce change ^^ 
of organization. All the species of aniniiiU, therefore, 
are, in Lamarck's view, the result of the indirect actiuu.! 
of changes of circumstance upon those primitive geim»1 
which he conHidercd to have originally arisen, by spun-] 
tancoua generation, within the waters of tho globe. It] 
is cnrioua, however, that Liiniiuck should hisist so 
strongly^ aa ho has done, that cireunjstanees never in 
Bny degreo directly modify the form or the organizatioDfl 
ftf animals, but only operate by changing their wanta] 
wid consequently tlioir actions ; for he thereby briiigsj 
upon himself tlie obvious question, how, then, do plant 

1 S&a Phil. Zuolot^i^no, vol. L p. 232, c^t ^eq. 
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which cannot be eaid to have wnnto or acttona, hemms 
modified ? To this he replies, that they are modified 
hy the chruigea in their nutritive processes, which an 
effected by changing circumsLiuces ; and it does not 
Beem to have o»!urred to him that such changes mi^ 
be M well supposed to take place among animals. 

WUcu we have said that Lamarck felt that men 
speculation was not the way to arrive at the origin of 
Bpectcs, but tbat it woa necessary, in order to the estah- 
Itiihmcnt of any sound theory on the subject, to discover 
by obseri'ation or otherwise, some vera cau$a, couipeteot 
to give rise to them ; that he affirmed the true omer of 
classification to coincide with the order of their develop- 
ment V'Ue from another ; that he insisted on the necessity 
of allowing sufficient time, very strongly ; and that au 
the varieties of iuatinct and reason were traced back \y 
him to the same cause as that which has given rise to 
fipecies, we have enumerated his chief conlributions t* 
the advance of the question. On the other band, from 
his ignorance of any power in Nature competent to 
modify the structure of animals, except the development 
of parts, or atrophy of them, in con3et|uence of a change 
of needs, Lamarvk was led to attach infinitely greater 
weight than it dcscr\'e8 to this agency, and the aLeu^ 
dities into which he was led have met with deserved 
condemnation. Of tlie struggle for esistencc, on which, 
OS, we shall see. Sir. Darwin lays such great stress, he had 
no conception ; indeed, he doubts whether there really 
are such things as extinct species, unless they he suck 
large animals as may have met their death at the handi 
of man ; and so little does he dream of there being any 
other destructive causes at work, that, in discnssiii] 
the possible existence of fossil shells, he asks, " Poui-quc 
iraillcurs seroicnt-ils perdue* fliss que I'honime n'a 
upcrar leur destruction?" (PhiL Zool, vol i. p. 77j 
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Of the influence of selection L.n.mi)Tck Tina as little 
notion, autl he malvcs no use of the wonderful phsenorj 
mena which are exhibited by domesticated aDiinals, anc 
illustrate its powers. The vast influence of Cuvier wa 
employed ngainst the Lamarckian views, and, as tb( 
"untenahility of Bome of his conclusious was easily^ 
ehown, his doctrinca sank under the opprobium of 
scientific, aa well as of theological, heterodoxy. Nor 
liave the efforts made of late yeara to revive them 
tended to re-establish their credit in the minda of sound 
thinkers acquainted with the facts of the ease ; inde4.'d 
it may be doubted whether Lamarc-k has not suffeiied 
more from his friends than from his foes. ^ 

Two years ago, in fact, though we venture to q -.esHon 
if even the strongest supporters of the special creation 
hjrpothesis had not, now and then, an uneasy conscious J 
ness that all was not ri(>;ht, their position seemed more™ 
impregnable than ever, if not by ita own inherent strength, 
at any rate by the obvious failure of all the attempt 
which had been made to carry it. On the other hand,| 
however much the few, who thought deeply on thej 
question of species, might be repelled by the gGnerallyJ 
received dogmas, they saw no way of escaping frotft! 
them, .save by the adoption of suppositions, so little jus-, 
tificd by experiment or by obeervatiun, as to be at least 
equally dista.<!tcful. 

The choice lay between two absurdities and & middle] 
condition of uneasy scepticism ; which lust, however] 
unpleasant and unsatisfactory, was obviously the onlyl 
justifiable state of mind under the circumstanceB. 

Such being the general fcrnieut in the minda oi 
naturalists, it is no wonder that they mustered strong in 
the rooms of the Linmuun Society, ou the 1st of July of 
the year 1858, to hear two paper.** by authors living 
on opposite sides of the globe, working out their resulta 
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inffepenrleiitly, and yet proffssing to have discovered oiw 
iind the same solution of all the problems connected with 
Bpecieft. Tlie one of these authors was an able naturalist 
ilr. Wallace, who had been employed for some years is 
studying the productions of the islands of the Indian 
Archipelago, and who had forwarded a memoir embodj- 
ing his vitws to Mr. Darwin, for communication to the 
Linutean Society. On jwrusing the essay, Mr. Darwin 
wa» not a little surprised to find that it embodied some 
of the leading ideas of a great work which he had been 
preparing for twenty yeai-s, and parts of which, contain- 
ing a development of the very same views, had been 
perused by his private friends fifteen or sixteen yean 
before. Perplexed in what manner to do full justice 
buth to bis friend and to himself, Mr. Darwin placed 
the matter in the hands of Dr. Hooker and Sir Charles 
Lyell, by whose advice he communicated a brief abstract 
of hie own views to the Limiiean Society, at the same 
time that Mr. Wallace s paper was read. Of that abstract 
the work on the "Origin of Species" is an enlargement; 
but a complete statement of Mr. Darwin's doctrine is 
looked for in the large and well-illustrated work whidi 
be i£ said to be preparing for publication. ^J 

The Darwinian hypothesis has the merit of being 
eminently simple aud compreheusible in principle, and 
ii8 essential! positions may be stated in a very few 
xvords : all species have been produced by the develop" 
meat of varieties from common stocks by the conversion 
of these first into pcrmaneut races and then into new 
species, by the process of natural selection, which 
process is cssentiaUy identical with that artificial selec- 
tion by which man has originated the races of domestic 
animals — the struggle for existence taking the place 
of man, and exerting, in the case of natural sclecti 
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that selective action which he performa in artiScial 
selection. 

The evidence brought forward by Mr. Daxwin in 
support of his hypotliesis is of three kiuda. First, he 
cadeavours to pr-ove that species may be originated by 
selection ; secondly, he attempts to show that natural 
causes are competent to exert Beleetion ; and thirdly, he 
trios to prove tliat the most remarkable and apparently 
anomnlous pliseiiomeiia exhibited by the distribution, de- 
velopment, and mutual relations of species, can be shown 
to be deducibtc from the general doctrine of their origin, 
which he propounds, combined with the known facts of 
geological change ; and that, even if all these phsenomena 
are not at prcaout explicable by it, none are neceasarily 
inconsistent with it 

There cannot be a doubt that the method of inquiry 
which Air. Darwin has adopted is not only rigorously in 
accorditnce with the canons of scientific logic, but that it 
is the only adequate method. Critics exclaiivcly trained 
in classics or in mathematics, who have never detcTmiucd a 
scientific fact in their lives by induction from experiment 
or observation, prute learnedly about Mr. Darwin's 
method, which is not inductive enough, not Biii:oni;m 
enough, foraooth, for them. But even if practical ac- 
quaintance with the process of scientific investigation is 
denied them, they may learn, by the perusal of Mr. 
Mill's admirable chapter " On the Deductive Metbotl," 
that there are multitudes of scientific inquiries, in which 
the method of pure induction helps the investigator but 
a very little way, 

"The mo(1« of inTcatigattou," Boye Mr. Mill, "whicli, frsm tha 
ptovcd iniippiicability of direct methods of observation and tixperi- 
GiBiit. retzioiiiia to us ns the main eource of ths Icuowledi^Q we posacu, 
«r cui scr]iiir<\ ivB{>6(:ti]ig the coiidilionB and lnws of itiuurmn^ie of cha 
inon eotoplex p)>wD9ui«iitt, U called, in ita most ijuiitiEal u^ijreMwa. 
20 
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the Mwttn method, khA eonmsts of thrAO o]V!nLtinn« ; the txA, om 
of diMCt InducUoa j Ibe »«a>u(l, of luliufiuuiUoa; and tho thjud, ^ 

Now, the conditions which have determined the «F 
istencd of species are not only excecdingty complci, 
bnt» so far as the great majority of them arc concerned, 
are necessarily heyoud our cognizaDcc, But what Mr. 
Darwiu lias attempted to do is in exact aecordaac© with 
the rule laid down by Mr. Mill ; he has endeavoured to 
determine certain great facts inductively, by obsorvation 
and experiment; be hiia then reasoned from the data 
thus furnished ; and lastly, he has tested the validity of 
hia ratiocination by comparing hie deductions with tie 
observed facts of Nature. Inductively, Mr, Darwin en- 
deavours to prove that species arise in a given way. 
Deductively, he desii-es to shovv that, if they arise in tlial 
way, the fucts of disti-ibution, development, classification, 
kc, may be accounted for, i, e. may be deduced from 
their mode of origin, combined with admitted changes is 
physical geography and climate, during an indefinite 
period. And this explanation, orcoincidence of observed 
with deduced facts, is, so far as it extends, a verification 
of the Darwinian view. 

There is no fault to be found with Mr. Darwin'i 
method, then ; but it is another question whether he hst 
fulfilled all the conditions imposed by that method, II 
it satisfactorily proved, in fact, that species may le 
originated by selection 3 that there ia such a thing an 
natural selection ? that none of the phsenomena exhibited 
by species arc incouaLstent with the origin of species in tins 
wjiy ? If these questions can be answered in the affinn- 
ative, Blr. Darwin's view steps out of the ranks of hypo- 
theses into those of proved theories ; but, so long as the 
evidence at present adduced falls short of enforcing 
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affirmatiim, 80 long, to our iniutls, muatthe new doctrine 
be cont4int to remain among the former — an extxemely 
valuable, and in the highest degree probable, doctrine, 
iudeed the only extant hypotliesis which is worth any- 
tliing in a scrienlifie point of view , but still a hypothesiB, 
tuid not yet the theory of species. 

After mueh consideration, and with assuredly no biaa 
ft«riinst Mr. Darwin's viewa, it is cur clear conviction 
tliat» as the evidence stands, it is not absolutely proven 
that a gfoup of animals, having all the character exhi- 
bited by sjieciea in Nature, has ever been originated by 
selection, whether artificial or naturaL Groups having 
the morphological character of species, distinct and per- 
uiaoent races in fact, have been so produced over and 
over again ; but there ia no positive eindence, at present, 
that any group of anima-la has, by variation and selective 
breeding, given rise to another group which was even iii 
the least degree infertile with the first. Mr. Darwin is 
perfectly aware of this weak point, and brings forwaivl a 
multitude of ingenious and important arguments to di- 
minish the force of the objection. We admit the value 
of these arguments to their fullest extent ; nay, we will 
go so far as to express our belief that experiments, con- 
ducted by a skilful physiologist, would very probaljly 
obtain the desired production of mutually more or less 
infertile breeds from a common stock, in a comparatively 
few years; but still, aa the case stands at present, this 
"little rift within the lute" is not to be diaguised uor 
overlooked. 

Li the remainder of Mr. Darwin's argument our own 
private ingenuity has not hitherto enaljled us to pick 
holes of any great importance ; and judging by what wa 
hear and read, other adventurers in the same field do not 
Beera to have been much more fortunate It has been 
urged, for instance, that in his chaptcra on the strugijU 
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for existence and on natural selection, Mr. Darwin d 
not so much pi-ore tbat natural selection docs occur, 
that it must occur ; but, in fact, no other sort of demonstia* 
tion is attainable. A race docs not attract our attention 
in Nature until it has. in all probability, existed for b 
cotisidtTiiMc time, and thon. it is too late to inquire into 
the conditions of its origin. Again, it is said uiat there 
is no re^J analofjy between the selection ■which takes 
jihu^e under dntuestication, liy human influence, and 
operation which can be cfiecled by Nature, for man in 
fcR^s intelligently. Reduced to its elementa, this 
ment implies that an eflect produced with trouble by an 
intelligent agent voM-^d, fortiori, be more troublesome, if 
not impossible, to an unintelligent agent. Even putting 
aside the tjuestion whether Nature, acting as she doei 
according to de6nite and invariable laws, can be rightly 
called an unintelligent agent, such a position as this ii 
wholly untenable. Mix salt and sand, and it shall puzzle 
the wisest of men, with hia mere natural appliances, to 
ficparate all the grains of sand from all the grains of salt; 
but a shower of rain will effect the eamc object in ten 
minutes. And so, while man maj' find it tax all his in* 
telligenee to separate any variety which arises, and to 
breed selectively from it, the destructive .igencies inces- 
santly a.t work in Nature, if they find one variety to he 
mote soluble in ciiiiumstances than the other, will iuevi^ 
alily, in the long run, eliminate it ^| 

A frequent and a just objection to the Lamarckian 
hypothesis of the transmutation of species is based upon 
the absence of transitional forms between many species. 
But against the Darwinian hypothesis this argument las 
no force. Indeed, one of the most valuable and sngge* 
tive parts of Air. Darwin's work is that in which ho 
proves, that the frequent absence of transitions is a dc- 
•oasaiy cousefjuenco of hia docti-ine, and that the a. 
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whence two or more species hnvc sprung, need in lu 
respect be intemiediate between these species. If am] 
two species have aiisen from a common stock in the same 
way aa the carrier and the pouter, say, have arisen fror 
the rock-pigeon, then the common stock of these twc 
epecies need be no more intermediate between the twc 
than the roek-pigeon is between the carrier and pouter. 
Clearly appreciate the force of this analogy, and all the 
urgumeuld against the origin of spccicB by selection, based 
oil the absence of transitional forms, fall to the ground. J 
And Mr. Darwin's position might, we think, have been 
even stronger than it is if he had not embarrassed himself 
with the aphorism, '* Natui^ non facit saliwm" which 
turns up so often in his pages, We believe, as we have 
said above, that Nature does make jumps now and then,! 
and a recognition of the fact is of no small important 
in disposing of many minor objections to the doctrii 
of transmutation. 

But we must pause. The discussion of Mr. Darwin's 
arguments ia detail would lead us far beyond the limitaj 
within which we proposed, at starting, to con6ne thu 
article. Our object has been attained if we have give 
an intelligible, however brief, account of the eatablishe 
facts connected with species, and of the relation of the 
explanation of those facta offered by Mr. Darwin to th©j 
theoretical views held by hia predecessors and hie con- 
temponiriea, and, above all, to the requirements of scien- 
tific logic. We have ventured to point out that it does 
not, as yet, Botisfy all those requirements ; but we do not 
hesitate to assert that it is aa superior to any preceding 
«r contemporary hypothesis, in the extent of observational 
and experimental basis on which it rests, in it« rigorously 
Bcicntinc method, and in ita poiver of explaining biolo- 
gical phsenoincna, as was t!ie hypothesis of Coi>eruicus to 
the Speculations of Ptolemy; - liut th« planctaiy orbiU 
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fcurufd out to be not quite circular after all, and, grand 
03 was the service Copernicua rendered to science, Kepler 
and Newtou hud to come after Lim. What if the oibit 
of Darwinism should he a little too circular? What il 
species should o0ur residual phEenomena, here aud there, 
not explicable by natural selection 1 Twenty years hence 
naturalists may be in a position to say wliclhcr this is, or 
is not, the cfise ; but in either event they will owe the 
author of "The Origin of Spwiiea" an immense debt of 
gratitude. We should leave a very wrong impresaion oa 
the reader's miad if we permitted him to suppose tbnt 
the value of tliut work depends wholly on the ultimate 
justification of the theoretical views which it contains. 
On the contiary, if they were disproved ti>morrow, the 
book would still Ije the best of its kind — the most com- 
jjendioua statement of well-sifted facts bearing on tlte 
doctiine of species that has ever appeared. The chapters 
on Variation, on the Struggle for Existence, on Instinct, 
on Hybridi&m, on the Imperfection of the Geological 
Eecord, on Geographical Distribution, have not only no 
equals, but, so far as our knowledge goes, no competitors, 
within the range of biological literature. And viewed as 
a whole, we do not believe that, since the publication of 
Von Baer'a Researches on Development, thirty yeare ago, 
any work has appeared calculated to exert so large an 
influence, not only on the future of Biology, but in Hi- 
tending the domination of Science over regions of tbou^t 
into which she has, as yet, hardlv oenetiated, "" 
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In the course of the present year [1864] several forcij^ 
commentiirieg upon Mr. Darwin's great work have macle ' 
their appearance. TUobc who have peruaed that re- 
tnaxkable chapter of the *' Antiquity of Man," in which 
Sir Charles Lyell draws a parallel between the develop- 
ment of species and that of Umguages, will be glad to 
hear that one of the most eminent philologei-a of Grer-M 
many, Professor Schleicher, has, iudejieudeotly, published 
a moat instructive uud philosophical pamphlet (an excel- ^ 
lent notice of which is to be fomid in the Jieader^^^ 
for February 27th of this year) supporting similar views 
with all the ■weight of hia special knowledge and i 
established authority as a linguist. Professor Haeekel, J 
to whom Schleicher addresses himself, previously took^ 
occasion, in his splendid monograph on the Radiolaria^ 

' " Pift Biwii'uli'krtcn : etne Monographic" p. S3L 
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to eipn-ss Lis Inf^h appreciation o£ and general concord- 
ance with, Mr. Darwin's vicwa 

Rut tbo most elaborate criticisms of tlic ** Origin of 
Species " wliicli have appeared arc two works of very 
widely different merit, the one by Professor Kdlliker, the 
■well-known anatomist and histologist of Wlixzbure ; tb« 
other by M. Flourens, Perpetual Secretary of the French 
Academy of Sciences. 

Professor Kolliker'a critical essay ** Upon the Dar- 
winian Tlieory" is, like all that proceeds from the pea 
of that thoughtful and accomplished \vriter, worthy of 
tlie most careful consideration. It comprises a brief but 
clear sketch of Dar\viuV views, followed by an enump- 
ration of the leading diifieulties in the way of tln'ic 
acceptance ; difficulties wliieh would appear to be insur* 
mountable to Professor Kolliker, inasmuch as he proposes 
to j-cplace Mr. Darwin'a Tlieury by one which he terms 
the " Theoiy of Heterogeneous Generation." We shall 
proceed to consider first the destructive, and secondly, 

^lhe constructive portion of the essay. 
We regret to find ourselves compelled to dissent very 
widely from many of Professor Kolliker's remarks ; and 
from noue more thoroughly tliau from those in which he 
seeks to define what we may term the pliilosophicol 
position of Darwinism. 

" Darwin," say» Professor KSIIikar, " id, in the fulli^st eenac of 
wow], & Teleologist. He siya quiU) ulistiiiclly (First Edition, pp. 198, 
lOQJ timt every particular in lliu alnixitiiro of an animal Iiaa been 
Hceniteil Ibi iU beiiciit, and he reguils tlie vhole seriee ol ouitiuJ fornd 
oiily from this poitil. of view." 

And again: 

*' 7. Tli« teleological general conception adopted by Darwio ia a 
Uiistukeii one. 

" Vnrietica arias iircapectively of the notion of purpoeo, m of utilily, 
aoooniing to gftnumi UwB uf Nature, aud may be either uaefol, a 
burlfU, oi indiKarQuk , 
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«a.j citmcrsws oir " the onwrN of speciss,' 

"Thp .nsaiinipfi on that an organism exifita only on accnutit nf soma 
defioile eriil in view, and reprt:§enta sometliiny more tlimi thfl intor- 
poiation ff a goneral idna, or law, impliea u one-siiied coDteption of 
the nniverse. Aeaiiradly, every orgau iiaa, und every orfjtiniam fulfils, 
it« end, but its purpoHe is not the coiidiiioa of its exisi.enca. Everjr 
orgnnism is aUo sufticiently perfect for the purpose it servos, and i 
Llla^ fit least, it is uiselcsa to seek for a cause of its ini provenieuL" 

It is singular how differently nue and the same boolf 
will impress different minds. That which struck the 
preseut writer moat forcibly on his first penisai of the 
" Origin of Spt'cies" was the conviction that Teleology, 
as commonly uuderstood, had received its deuthbiow at 
Mr. Darwin'b hands. For the teleological argument n 
thus; an organ or organism (A) is precisely fitted t<y 
perform a fmaetion or purpose (B) ; therefore it waa 
epeeiaUy constructed to perform that function. In 
Paley's famous illuBtration, the adaptation of al! the 
parts of the watch to the function, or purpose, of show- 
iug the time, is held to be evidence that the watch waa 
specially contrived to that end ; on the ground, that th 
only cause we know of, competent to produce such anl 
effe>ct afi a watch which shall keep time, is a contrivingi 
intelligence adapting the means directly to that end. 

Suppose, however, that any one had been able to show ^ 
that the watch had not been made directly by anyfl 
jterson, but that it was the result of the modification 
of another watch which kept time but poorly ; and that 
thh again had proceeded from a structure which could, 
hardly be called a wat(;]i at all — seeing that it had no 
figures on the dial and the hands were rudimentary; 
and that goicg back and back in time wc came at Ust 
to a revolving barrel as the earliest traceable rudiment 
of the whole fabric. And imagine that it had beeu^ 
possible to show that all these cimngcs had resulted, firat^M 
from a tendency of the structure to vary indefinitely ; " 
and secondly^ fi'om aomctliiug in the tsuirouudtng world 
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which helped all variations in the direetion of an acca- 
nite tirae-kecper, and checked all tboae in other directions; 
then it is obvious that the force of Paley's arguiuenS 
would be gone. For it would he demonstrated that aa 
apparatus thoroughly well adapted to a particular pur- 
I'osc might be the result of a method of trial and error 
worked oy onintclligeut iigi-'uts, as well as of the direct 
application of the means appropriate to that end, by a^y 
intelligent agent. ^| 

Now it appears to us that what wc have here, for illus^ 
tratioii's sake, supposed to be done with the watch, ia 
exactly what the eHtablishment of Darwin's Theory will 
do for the organic world. For the notion that every 
or^nism has been created as it ia and laiiuchcd straight 
at a purpose, Mr. Darwin substitutes the conception of 
Bomcthiug which may faii'ly bo termed a method of trial 
and error. Organisms vary incessantly; of these varia- 
tions the few meet with surrounding conditions which i 
suit them and thrive; the many are unsuited and b^H 
come extinguished. ^^ 

According to Teleology, each organism is like a riflo 
bullet fired straight at a mark ; according to Darwia, 
organisms are like grapeshot of which one hits somo 
tlwig and the rest fall wide. 

For the teleologist on organism exists because it was' 
made for the conditions in which it is found ; for the 
Darwinian an organism exists because, oat of many of 
its kind, it is the only one which has been able to persist 
in the conditions in which it is found. 

Teleology implies that the organs of every organism 
are perfect and cannot be improved ; the Darwinian 
theory simply aflii'ms that they work well enough to 
enable the organism to hold its own against such oom- 
petitore as it has met with, but admits the possibility of 
mdeBuite improvement. But an example may bri 
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into clearer light the profound opposition between thi 
or<liuary tcleological. aud the Daiwiuian, conception. 

Cata catch mice, stoall hii'cb and the liie, very wellw 
Teleology tells ii8 that they do so because they wei 
expressly constructed for bo doing — that they are perfect 
mousing apparatuses, ao perfect and so delicately ad* 
justed that no one of their organs could be altereij, ■ 
without the change involving tlie alteration of all the 
rest. Darwinism affirms, on the contrary, that there i 
was no express construction concerned in the matter ;^| 
but that among the multitudinous TariatJons of the 
Feline stock, many of which died out from want of 

Kwer to resist opposing influences, some, the cats, wcie^f 
tter fitted to catch mice than others, whence they^^ 
throve and persiatecl, in proportion to the advantage^ 
over their fellows thus ofl'ered to them. fl 

Far from imagining that cata exist in order to catch ^^ 
mice well, Darwinism supposes that cats exist hccawie i 
they catch mice well — mousing bciug not the end, but ■ 
the condition, of their existence. And if the cat-type 
has long petsiated as we know it, the interpretation of i 
the fact upon Darwinian principles would be, not tbafrfl 
the cats have remained invariable, but that such varieties 
as have incessantly occurred have been, on the whole, 
less fitted to get on in the world than the existing 
stock. 

If we apprehend the aph-it of the " Origin of Species* 
rightly, then, nothing can be more entirely and abso- 
lutely opposed to Teleology, as it is commonly under- 
Btood, than the Darwinian Theory. So far frura being 
a " Teleologist in the fullest sense of the word," we 
should deny that he is a Teleologist in the ordinary 
sense at all ; and we should say that, apart from hia 
merits aa a naturalist, he has rendered a most reniaj'kablo;' 
ecrvice to philosophical thought by enabling the student 
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of Nature to recognise, to their fullRst extent, those acUp* 
tations to purpose which are so striking in the oi^nnitt 
world, and which Teleology has done good service in 
keeping before our minds, without being fal3e to rfio 
fundamental principles of a acientific conception of tlie 
universe. The apparently diverging teachings of tliu 
Telcologist and of the Morphologiat are reconciled bjr 
the Darwiuiau lij-pothesis. 

But If^aving our own impressions of the ** Origin of 
Species," aud turniog to those passages specially cited by 
Professor KoUikcr, we lanuot admit that they bear tlie 
interpi-etation he puts upon them. Darwin, if we read 
him rightly, doea not affirm that every detail in the 
structure of an animal haa been created for its benet 
His words are (p. 199) : — 

"The foregoing TMnarks lead tna to mi j • fe^w words on the ]>ratert 
lately inad« by some nntiimlifitis ngninBt the utilitariAH doctriiiv that 
overy dotail of Bbnicturc has buea produced for the good of its posseasor. 
ilifiy Leiietra thiit very many structures have b«en created for beauty 
in th« eyes of man, or for raero variety. This doctrine, if true, %^qii]4 
!io absolutely fatal to my theory — yet I fully admit that maaj Etnia 
tiirsB are of no direct use to their possesset," 

And after sundry illustrations and qualifications, he 
concludes (p. 200) : — 

*' Henca every detail of striioture in «veiy living Giwntme fmal 
bomti little allowance for th« direct fiction of iiihyEiual conditions) 
Ik; viewed either aa having been of Bimojal use to aonae auccjttntl fonn, 
or aa being now of special uho to thu desciendantH of this fortn^-eiUii^r 
directly, or indirectly, through the complex lawa of growth," 

Hut it is one thing to say, Darwinically, that eve 
'letail observed in an animal's structure is of use to 
or haa been of use to its ancestors ; and »juite another 
to affirm, teleologically, that every detail of an animal's 
Btructiire has been created for its bcnctit. On the fornitT 
hypothesis, for example, the teeth of the foetal BiUana 
b^vo a luoauiiig ; ou the kilter, none So far aa we 
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aware, there is not a phrase in the ** Origin of Specie*," 
inconsistent witli Profeasor Kolliker's position, that "va- 
rieties arise irrespectively of tlie notion of purpose, or 
of utility, according to general laws of Nature, aud may 
be either useful, or hurtful, or indifieriMit." 

On the coutiory, Mr. Durwiu writes (Summary of 
Clmp: V.) :— M 

*' Our ifjiKimtice of tho laws of Tariation is pmfounfl. Not in one 
caFo out of a hurnlrtd cnn we pretend to asfeij^n «ny ri>QeoD why thU or 
thiit part varies more or less from the enrae purt in the parents, .... 
The external conditinns of lif<!, as cltni^te and food. tiit:. seem to bsvo 
induced aani« slig}it modi tic&ttons. Habit, iti pToducing constitutional 
differences, snd use, in atren;j;thciiin};, and di&uKc, in weakening aad 
diminishing orgntis, seem to bavo hecu more potent in thoir effects." ^ 

And finally, as if to prevent all possible miseoneeption, 
Mr. D;iruin eoucludes his Chapter on Variation with 
these pi-eguant words :-^ ^M 

*■ Whatever the canw may Tie of c:tch slight difTnwrico in the ofTsprtng 
from their porcnta— and ft 0fi«36 tor each miijt exist — it ia the attaJy 
•ccnmulation, throuj^h nuiuraL eellaction of each ditferences, when beud'^l 
licial to the individual, that pvea rise to all the nture iniportanb^ 
modificati-tinfl of etructure, by which tjie inmimerable 'beinpB on ihft 
fiice of the earth ore euuLilmi to eUuggle wilb ettuti otiier, and tlie besb 
adapted to eurviva." ^M 

We have dwelt at length upon this subject, because of 
its great general iraportanee, and bocaufte we believe that 
Professor Ktilliker'a criticisms on this head are baaed ■ 
upon a niiaapprehenaion of Mr, Darwin's views— sub- 
Btantially they appear to na to coincide with his own. 
The other objections -which Professor Kdlliker enumerates 
and diseusBcs are the following •} — 

"1. No transitional fonoB between exietiTi;; 8pedc8 are bnoim, 
*nd known vanettes, whether aelucted or Hpujittuiuousir never go bu 
for a» to establiBh new Bpecit!&" 






* SpoM will not allow as to giv« Professor Kulliker's argiitnentK in detail | 
onr mud^re wil! tind u full and ucvunta venion ol' Ueiu m Uie luuder ittr , 
AugiuL 131 h and 'MJ\Ji, lSt)4. 
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To tliU Profe-ssor Kollikor appears to attach some 
weijrht. He makes the suggestion tliat the ahort-faced 
tamilcr pigeon maj be & pathological product. 

** 1. No tniR«itiona) forma of animal* an tnet wiU) among tfa« 
OTj^itio lemaina of catUor epochs." 

tJpou this, Professor KuUiker remarks that the abeoncc 
of traDsitional forms in the fossil world, though not ne- 
cessarily fatal to Darwin's views, weakens his case. 

"3. Tb« striigf;lo for exubctnce <lo6« not take pla^^" 

To this objection, urged hjr PcUeln, KtilUker, veiy 
justly, attaches no weight, 

" 4. A teadeocy Qf ori^ierus to girt rise to useful varictiw^ mi 
a natural oel«ctk)i), do nob exist 

" The Tarietios which are foutid arise in consequence of nianlfQU 
external influencen. and it 18 not oViirioni why they all, or piirtially. 
ahould be pDrtiunIarly ii»el\il. Each unimal Bufficca for ila own «ni)*, 
it perfect of its kiod, and needs no further duvelopiucnt ShonM, 
huwvter, B variety be useful and cveit niaitilaiti itM-lf, then) ja nd 
obviouB riMwin why it should ohange any further. The whole ©on- 
ceptioa of tho iinperrvcti^iu of organisms and tbo occeseity of their 
bocominj; pcrftcteil is pliiiiily the weakest aide of Darwin's Theon', 
and a pud/Zirr (KoUibehjelf) bocauso I>firwin cuuld think of nootlivr 
principle by wliich to explain ths metamoiphoses wbiob, m 1 ftld^l 
believe, have occurred." ^H 

Here r^ain we must venture to dissent completely 
from Professor Kolliker's couception of Mr. Darwin h 
hypothesis. It appears to us to be one of the many 
peculiar merits of that hypothesis that it involves no 
belief in a necossnry and continual progress of ocganisma. 

Again, Mr. Darwiu, if wo read hitn aright; assumes 
no special temlpncy of organisms to give rise to useful 
varieties, and knows nothing of needs of dovelopmeut, 
or necessity of perfection. What he says is, in sub" 
Btance ; Ail organisms vary. It is in the highest degre- 
improbiible that any given variety should have exactly' 
Cii« same relations to Burrouuding cuuditioas as 
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parent stock. lu that case it is either better fitted 
(when the variation may be called useful), or worsftjj 
fitted, to cope ■with them. If better, it will tend to ' 
supplant the parent stock ; if worse, it will tend to be 
extinguished by the parent stock. 

If (as is hardly conceivable) the new variety is so per- 
fectly adapted to the conditions that no improvement upoi 
it ia possible, — it will peraiat, because, though it does 
not cease to vary, the varieties will be inferior to itselL™ 

If, aa is more probable, the new variety ia by nofl 
means perfectly adapted to ita conditions, but only 
fairly well adiipted to them, it will pereist, so long as 
Done of the vurii^ties which it throws off a-re bettei' 
udupted than it-self. ^ 

On the other hand, as soon as it vanes in a useful 
way, i.e. when the variation is such as to adapt it more 
perfectly to ita conditions, the fresh variety will tend 
to supplant th-Q former. m 

So far from a gradual progress towards perfectionB 
forming any necessary part of the Darwinian creed, it 
appears to us that it ia perfectly cougistent with indefinito 
persistence in one state, or with a gradual retrogression. 
Suppose, for example, a return of the glacial epoch and 
a spreatl of polar cbmataf conditions over the wholet ■ 
globe. The operation of natural selection under these cir-™ 
cumstances would tend, on the whole, to the weeding out 
of the higher organisms and the cherishing of the lower 
forma of life. Cryptogamic vegetation would have the 
advantage over Phanerogamic ; Hydrozoa over Corals ; 
CTttstac&x over Itisecta, and Amphipoda and Isopoda 
over the high'^r Crustacea; Cetaceans and Se:ila over 
the PrimaUs , the civilization of the Esquimaux over 
that of the European. 

"B. Pi;lBf;!ii hfls also objected that if Iho later orcatiicinB hfivM 
prooiiudtid Cioni the earlier, the whole dev«lopmeiiliU Berioa, lioui Ihcl 
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nimpliwt to fhft hiahemt, could not now exist; in such a c*»e tht 
eimpler aif,'Rnieiiiit iiiunt Imvft (liDipjkoiLrud." 

To this Professor KtilUker replies, with perfect justice, 
tliat the conctuainn drawn by Pelzcln does not really ' 
follow from Diirwin's premisrs, and that, if we take the 
fiicl-s of Fu-montology 03 they slajid, they rather support , 
than oppose Darwin's theory. ^1 

,"6. Grvjit weight iiiiisl lif alUichtMl to tho olijwition brought fonn^n 
byHiuJoy, olluirwian n. wiiriii siip[)ort«T of Pnrwiu'n hypolhe^ie, that 
VQ know of iK> v&riotio-t whicli are storilv with oae uiother, aa iit the 
I'Ltlfl aninn^ sharply (]iati»;{iti»hei] animal forma. 

"If Darwin is right, it must be demonnt rated that forma may tn 
|)roduce(L by Bulcciion, whicli, lik« Ibe pn;»«ikt aliarply tlletinKiiiiiheil 
animal fomis, nru infurtilu when <MjiipUd wJLh one another, and lki« 
has not bcon dona" ^^ 

The weight of this objection is obvious ; \tnt o^^ 

r ranee of the conditions of fertility and stwilit)', ' 
want of carefully conducted experiraenta extending 
over loug series of years, and the strange anoraali*^^ 
presented by the rc'sults of the cross-fertilizatica of 
many plants, should all, iis Mr. Darwin lias urged, 
taken into account in considering it. 

The seventh objection is that we have already d: 
cuaacd {suprdr, p. 329). 

The eignth and last stands as follows: — 

" 8. Thft (levfllopinoiital theory of Darwin u not needed **i onrtltlft ■■ 

to iinderfitand tli« rL'[;tii"r luintujiiioiiw pi\if^-r<!88 of tlie compk-tn arrii 
of organic forms from the siniplftr lo (lnj more porfoct, 

"Thft oxistcnci^ of g<.>neml lawn of Nature explains this hnmion; 
evon if we o^Bume tViat uU bein^e have arjaeu sepanitoly ttiiil iml^ 
pendent of out; another. Darwin for>^el3 thiit inoifjnnic nature, in 
which thera nan bti no thought of a };<fiii!tic connexion itf foniH, 
(exhibits the Eatno re^^ar plan, the n^inc tiarinoiiy, (u tlio orgiuuc 
wotld ; ami that, bo citu only onu cxuiiipl«, th(;i'c is a« much s nattu^ 
t<y!^tem of minerals as of plants and animoU," 

We do not feel ij^oite sure that we seize Profc? 
KJlliker's meaning here, but he appean* to auggcst t 
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tlie observation of the general order and harmony whicl 
pervade inorganic natui'c, would lead us to anticipate 
similar order and harmony io the organic world. Anc 
this is no doubt true, but it by no means follows that 
the particular order and harmony observed among themi 
ehoijld be that which we sea Surely the stripes of duo] 
horses, and tlie teeth of the foetal BaleBfiu, are not ei- 

Slained by the " exisleDce of general laws of Nature,"] 
[r. Darwin endeavours to explain the exact order of 
«»rganie nature which exists ; not the mere fact that 
there la some order. 

And with regard to the existence of a natural system 
of mincrabt; the obvious reply is that there may be a 
natural classification of any ubjeela — of stones on a aea- 
beach, or of works of art; a iirrturaJ elassifioation being, 
Bimply an assemblage of objeets in groups, so as tol 
express theii' most importiiut and fundamental re-I 
Bemblances and diffei-ences. No doubt Mr. Darwm be-] 
lieves that those resemblances and difleieuces upoal 
which our natural systems or class ifioations of animals 
and plauts are based, are resemblances and difi'erences 
which have been produced genetically, but we can dis- 
cover no reason for supposing that he denies the existenc*^ 
of natural classifications of other kinds. ^ 

And, after all, is it quite so certain that a genetic 
relation may not underlie the classilication of minerabl' 
The inoT^;anic world has not always been what we aeft] 
it It has certainly had its metamorphoses, and, very! 
probably, a long " Eutwickeluogsgeechichtc" out of aj 
nebular blastema. Who knows how far that amount I 
of likeness among sets of minerals, in virtue of which 
tbey are now grouped into families and orders, may 
not bo the expression of the common concUtions to 
which that particular patch of nebulous fog, which may 
have been constituted by their atoma, aud of vhk.^ 

21 
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Ihey may be, in the Btricteat sense, tlie deaccinlant8» wai 
sul-ijectcil ? 

It will be obviouB from what bas preceded, that we 
do not agree with Professor KClliker in thinking the 
objofitions whiuh lie briaga forward so weighty aa to he 
fatal to Darwin's view. But even if the case were otb«i> 
wise, we should be unable to accept the '* Theory o( 
Hftt^Togctirdus Generation " wbich is offered as a aub- 
fitituLc. Tliut tlieory is thus stated: — 

** The fuQjfttaenfal conception of this hypothesis Ib, thAt, anJot th* 
infiuencn nf a Reiicml law af tlevelopnieot, the germs of ni^^ieod 
proiltica nttifii ditT«rnnt from llieiiiBelves. This miglit happen (I) by 
thi) ft^undnted ova possin;,', in th& cnurse of their developmfint, lUMtr 
pitrticular circiirnB knees, into Uiglier forms ; (2) by the priinitivfiud 
later organisms producing other oi-gaiusnia without fucuudaliou, out of 
gonna or eggs (Parthemcigentsis)." 

In favour of tliis hypothesis, Profossor Kollikcp ad- 
duces the well-known facts of Agamogeneais, or " altcx- 
nate generation ; " the extreme dissimilarity of the 
males aud females of many animals ; and of the males 
females, and neuters of those insects which live ia 
colonics: ai\d he defines its relations to the Darwiniao 
theory as follows : — 

" It is (ibvioUH that my hypothesis is appnrently very Rlm(I«r to 
Daiwin'e. inasmuch as I alao eonBicler ttiat the variou* fona* of 
animals have prucaeded directly from ono nnother. My hypothesig tt 
thii oreauon of orgrmifinia by heterogeneous geHeratioii, howerer, ii 
diatinpiii^hed very eaaentially from DaTWin'a by the entire abaeneecf 
t)iQ principLo of uaeful vanatiotiH and th'C-ir natural seU'ctiou ; and of 
fundamental conception is this, that a great pisn of davelapnufBt lia 
at the toundation of the origin of the whole organic wotM, impelliog 
tlia eiiwplor lornis to cjoi-o and luoi'O complex develop monta, Uo* 
tlitH law opcfittts, 'wlmt iufluoncea dttt^tniina iha development of the 
•gg3 and gerina, and iiiipol tlmm to aasinua constanliy new forms, I 
naturally ciuinot prttcnd to say ; bub I cau at least addmifl the gIMt 
analogy of tbe alternation of gonoraliona. If a Bipiniiaria, m Bradi- 
alaria, a Fluteia, is competent to produce tha Et^lunodnrm. vhich ■ 
Boiridioly difPercuit &oiit it; if ahydroid polype can pTiidii.ue ttiehi^t 
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Mvdtim; if tbe veirairorni Tremat^de *i»oi»6* can iJevelop within 
if-seIC tite very unlike Cfrcaria, it will not appear impussihle that tlia 
fglf, or eiliiitedemlijyo, of a spongo, foT once, under spe&ial eondiliotiB, 
[nt;;ht beccmia a bydroid polype, or tho ombryo of n Medusti, «u 
Ecliiimrlerni." 

It ia obvious, from these extracts, that Professor Kol- 
likcr's h3^othc3is is based upon the supposed ejcistence 
of a close analogy between the phiBnomena of Agamo- 
geuesis and the production of new species from pre- 
existing ones. But ia the analogy a real one? We 
think that it is not, and, by the hypothesis, cannot be. 

For what are the phtenomena of Agamogcnesis, stated 
generally 1 An impregnated egg develops into an 
asexual form, A ; this gives rise, asexually, to a second 
form or forms. B, more or less ditScrcnt from A. B may 
multiply asexually again ; in the simpler cases, however, 
it does not, but^ acquiring sexual characters, produces 
impregnated eggs from wlience A once more arises. 

No case of Agamogenesis is known in which, when A 
differs widely from B, it is itself capable of sexual 
propagation. No ease whatever is known in which the 
progeny of B, by sexual generation, ia other than a 
reproduction of A. 

But if tlu-'i be a true statement of the nature of the 
process of Agamogenesis, how can it enable us to com- 
prehend the production of new species from already 
existing ones? Let us suppose Hyaenas to have pre- 
ceded Dogs, and to have produced the latter in this 
way. Then the Hyaena will represent A, and the Dog, 
IS. The first difficulty that presents itatlf ia that the 
Hywua must be asexual, or the process will be whoHy 
without analog}' in the world of Agamogenesis. But 
passing over this difficulty, and supposing a male and 
female Dog to he produced at the same time from the 
Hyieiia atock, the progeny of the pair, if the analogy 
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of the simpler kinds of Affamogcncsis' ie to be fo! 
stoulil be a litter, not of puppies, but of yoiinj; Hj 
For the Air:iuif»gL'Utitic scries is always, as we Irni 
A : B : A : B, Ac; wliereas, for tbe productiou of ■ 
species, tlie series must be A : B : B ; B, &c. 
duction of new species, or genera, is the extreme 
nent divergence from the primitive stock. All 
Agamngonctic proccsse-s, on tlie other hand, ei 
complete return to the primitive stoek. How 
the production of new speeiea to be rendered intelli 
by the cnnlogy of Agamogcnesist 

The other alti-rnative put by Professor Kollikc 
passage of fecundated ova in the course of their d« 
ment into higher forma — would, if it occurred, be 
an extrtiuie ease of variation in the Dtirwiniau f 
greater in degree than, but perfectly amilar ia kifl| 
that which occurred when the well-known Ancon 
was developed from an ordinary Ewe's ovum. Iii 
we have always thought that Mr. Darwin has nig 
aarily hampered himself by adhering so etrictly il 
favourite " Natura non facit saltum.* We gr 
suspect that she does make considerable jump 
the way of variation now nnd then, and that 
Baltatious give rise to some of the gaps which ai 
to exist in the scries of known forma. 

Strongly and freely as we have ventured to 

' If, m t\\'< cotitmry, ire folltm' tie fintiloEy of the more complrx W 
Axoinf;;piieBi9., mch, ma ihut c.ihibited ty aoino ^VwHaiorfwinnl by llio A'_ 
th« Hyi^n^L iiiiist produce, luoxuuJIy, u bi'uod of iuoxa.il X>4gs, team 
fthh-er ep»leaij \)<r^ must prnccrd. At the eiid of & certain Uqmbcr of 
*f the seri-es, the Diop* would a«|uire nexva ami gunerite youn); ; bnl 
yoniij would be, not Dogs, bui Hywniis, In JiioC we hrtve d<nunut,n 
Aj;iiiilrtfjMiii>ticpha'iiome]iii,tlijititievit:iLleT^'"irr«'nte to lb* urif^ftl tj^, 
la atttrlcd Xa be true of variiitinna in f!»[itritl, hy Mr. Dannn'a oppa 
ftnd which, if th^ aas«>nioa could Iti ch^iugud into • demotutnit' 




iiii.J CRITICISMS ON " TUE ORIGIX OF SFUILS.* 313 

with Professor Kollilcer, we liave always done bo ■witl 
jegrct, and we trust without violating; tliat respect which 
8 due, not only to his scientific eminence and to the 
larcful study which he haa devoted to the subject, but 
o the perfect fairness of hia argumentation, and the 
jeneroua appreciation of the worth of JVIr. Darwin's 
aboura which he al\vay$ displays. It would be satisfae- 
ory to be able to say as much for M. Flourens. 

But the Perpetual Secretary of the French Academy 
>f Sciences deals with Mr. Darwin as the first Napoleon 
voiild have treated an "iddoloj^ue ;" and while di&- 
daying a painful weakness of logic and ehallowiiesa of 
uforraation, assumes a tone of authority, which always 
ouches upon the ludicrous, and eomctimcs jiusses ttie 
Ltnits of good breeding. 

For example (p. 5G) i— 

"M. Pnrwin continue t * AncwriB diBlinctinn nTinnlne n'a f^tft etne 
leut fltro <itublio ontte lea esptajs ut les vari-ctua ' Jo voue ul d6jh. dit 
(10 vouB TDiM troropiox; una dUtiocLluii aLuiuluo si^pura lea ?u:iet& 
.'uvec les «s|)G(;(is." 

'Je rovs ai dtjd. tfit ; moi, "M. 1e SccrcJtaire pcrp^tuel 
I'Acadumie des Sciences : efc voua 

*Qiii n'fiiea rien, v 

Pas mcioe Acatit'micien;* W 

what do you mean by asserting the contrary ?" Bemg 
Sovoid of the blessings of an Academy in England, we 
ire unaccustomed to see our ablest men treated in this 
ashioD even by a " Perpetual Secretary." 

Or again, considering th.i.t iif there is any one quality 
if Mr. Darwin's work to which friends and foes havo 
like borne witness, it is his candour and fairness in 
dmittlog aiid discussing objections, what ia to bo 
bought of M. Flourens' assertion, that » 
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" If. DarniD ne die ^06 le« auteiin ^lu paitageufc sea opiai<>u* 
iP. 40.) 

Ouce more (p. 65) : 

" Enfin I'ouvrago do M. Darwin a para. On ne peut qu'?tre fti^ 
da talent de rautettr. Mais qu« d'id^ea obscuroa, que d*id«^ faiUMi! 
<jat.-I jargan nK^tAphysique jetd mat & prop«e dana Thiittoire oatureUe, 
qui luintiu dana I0 galimatias d6« qu'«II« sort dia iJ6uB clair«», dec 
tl««eJuHtusl Qual lan^ugo prilentiuiix mi vid«l Quetles peiaoib- 
ficationa pa^ri]i-->< ut stiruim^Mi I lucidiLsl sulidit^ da re8|et 
Knii^wa, quti dovoDes-TousI" 

"Obscure ideas," "metaphysical jargon," "pretention 
aod empty Itmguage," " puerile and superannuated ptT- 
sonificatioiis." Mr. Darwin has many and hot opponents 
on this side of the Channel and in Germany, but we do 
not recollect to have found precisely these sins in the 
long catalogue of those hitherto laid to his charge. Itii 
worth while, therefore, to examine into these diacoveriea 
efteeted solely by the aid of the " lucidity and aolidi^ " 
of the mind of M. Flourens. 

According to M. Flourens, Mr. Darwin's groat error is 
that he ha* personified Nature (p. 10), and further thai 
he has 

" imagined a natural eekvtiou : he imagiaes aFberwards that tbi^ 
povfier til' selertiiij: (pouMiV d'Htr^) whicli he gives to ^Nature ia aimiiir 
to xha power uf uiau. Theae two su[<po»itioQs adDiitted, nothniR 
stops him : h« plAVe with Nature as b« Uiies, and makes bat do *il 
he pleases." (P. 6.) 

And this is the way M. Flourens extinguiehea natural 
aelection : 

" Voyoiia dono encore una fois, ce qw'il pout y ayoir de fond^t 
ca qu'oD noiDiue Utrhon natarelle. 

" L'ilection naturelU n'est boub on autre nom que la nature, 
un 8tra or;^ani86, la natare n'c-it quo I'orgaTiisntioii, ni plus ii! moinfc' 

" D faudra done aussi pcrsoniiilier 1'oryavi.mliim, et dire qtii 
rorffoniiafion choisit r/'iyi'lffr/ofii. L'tlectton naturetU eat ceM 
/i-'-/rte eulisCaulidle dont on jiiniait sutret'oia avec tant do facility 
Aiialotti diaail ^tu ' Si I'arl de batir £tait daj» I« boil, e«t art i 
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ftomnic U ftfilnre,' A la plwe de tart de b6tir M. Danvin tnefe] 
I'clccti'ii witurtlU, et c'eet bout on: t'un n'e&t fas plua clum^rlqufl 
que I'autn." (P. 31.) 

And this is really all that M. Flo^u■eTls can make 
Natural Selection. We have given the originaJ, in fea 
lest a translation should be regaided as a travesty ; but 
with the original before the reader, we may try to 
analyse the passage. '* For an organized being. Nature.. 
is oilly organization, neither more nor lees." 

Organized beings then have absolutely no relation to 
inorganic nature : a plant does not depend on soil or 
simBfline, climate, depth in the ocean, height above it ;; 
the quantity of saline raattera in water have no influence 
upon animal life ; the Bubatitution of carbonic add for 
oxygen in our atmosphere would hurt nobody I That 
these are absurdities no one should know better than 
M. Flourena ; but they are logical deductiona from the 
assertion just quoted, and from the further statement 
that natural seleetion means only that "organization 
chooses and selects organization." 

For if it be once admitted (what no sane man denies) 
that the chances of life of any given organism are.. 
increased by certain conditions (A) and diminished by 
their opposites (B), then it is mathematically certain that 
any change of conditions in the diiection of (A) will 
exercise a selective influence in favotir of that organism, 
tending to its increase and multiplication, while any 
change in tlie direction of (B) will exercise a selective 
influence against that organism, tending to its decrease 
uid extinction. 

Or, on the other hand, conditions remaining the same. 
Jet a given organisni vary (and no one doubt;* thai they 
do vcT)') in two directions : into one form (a) better 6tted 
to cope with these conditions tbnn the original stock, 
Bnd a second (6) less well adapted to them. Then it is 
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no lesfl certain tha^ the conditious in questlou iriTiiit 
exercise a ssclective influence in favour of («) and against 
(6), eo tlist (a) will tend to predominance, and (6) to 
extirpation. 

That M. Flourens should bo unable to perceive the 
logical necessity of these simple aixumcnts, which lie at 
the foundation of all Sir. Darwin a reasoning ; that he 
should confound an irrefragable deduction £pom the 
observed relationR of organisms to the conditions which 
lie around them, with a metaphyaical " forme substan- 
tielle," or a chimerical persouification of the powers 
of Nature, would be incredible, were it not that other 
|)»A.43go!t of his work leave no room for doubt upon 
the subject 

"On imagine sne fUdion naturelU qnft, pour plua ila m^nogRment, 
on me dtt Stro incontciente, suib s'lipacGvoir que le contw-aeius Utt^l 
CBt preciMimest ta; election inamadeHU.' (P. 52^) 

"•I'ai (It^ja lilt ee qti'U faat penwr rlu tUtrtum nntnTtlle, Ou 
I'iUtiion naturdU a'ost rien, on c'evL la natttre : tnaii la luitun: <lou«e 
tTftertiou, niais )a nxlure p«r»ouiiiltt^: deniitre eireur du demici 
Steele ; Le xix* ne fait yilns do porsoDu^citioiu." (P. S3.) 

M. Flourcna cannot imagine an unconscious selection 
—it ifl for him a contradiction in t^^rms. Did M. 
Flourens ever visit one of the prettiest watering-places 
of " la boUe France," the Bale d'Arcachon \ If so, he 
will probably have passed through the district of tha 
Laudes, and will have had an opportunity of oKservmg 
the formation of "dunes" on a grand scftlc. What ai-e 
these " dunes ?" The winds and waves of the Bay of 
Biscay have not much consciousness, and yet they have 
with great eare "eelected," from among an infiuitr ot 
mx'ises of silex of all shapes and sizes, which have beeu 
submitted to their action, all the grains of sand below a 
certain size, and have heaped them by themselves over 
a givat an-a. This sand lias been "uu'^onscioiifily 
Delected " from aiuidat the gravel in. which it tirst hijr 
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with as much precision as if man had •'cons^'ioQBly] 
selected " it by the aid of a sieve, Physical Geology isl 
fall of such selections — of the picking oiit of the soft' 
fram the hard, of the soluble from the insolulile, of the 
fusible from the infusible, by natural agencies to which i 
we are certainly not in the habit of iiscribiug con- ' 
jciousueaa. 

But that which wind and sea are to a sandy beatih, < 
the sum of influences, which we term the "conditional 
of existence," is to living organisms. The weak ara \ 
sifted out from the Strang. A fi-osty night "eelectB": 
the hardy plants in a plantation from among the tenderJ 
ones as effectually as if it were the wind, and they, the] 
sand and pebbles, of our illustration ; or, on the otbcrJ 
hand, as if the intelligence of a gardener had bcen^ 
operative in cutting the weaker orffaniama down. The 
thbtle, which has spread over the Pampas, to the 
destruction of native plants, has been more effoetuallyi 
"selected" by the unconscious operation of natural eon-J 
ditions than if a thousand agriculturists had speut theiii 
time in sowing it. 

It is one of Mr. Darwin's many great services to j 
Biological science that he has dc;mouatrated the eig- ' 
nificance of these facts. He has shown that — given ' 
variation and given change of tonditiona — the ioevitablo 
result is the fxereise of such .in inilueuee upun organisms i 
that one is helped and another is impeded; one tends, 
to predominate, another to disajipear ; and thus the^j 
living world bcara within itself, and is surrounded by, 
impulaca towards incessant change. 

But the truths just stated are as certain m any other 
rhysical laws, quite independently of the truth, or false- j 
hood, of the hypothesis which Mr. Darwin has based | 
upon them ; and that M. Flourens, missing the sulistanro 
uud grasping at a shadow should be blind to the admi«| 



rahle exposition of them, wliinh Mr. Diirwjn has given, 
and see nothing there hut a "derni^re erreur du demin 
eiicle" — a personification of Nature — leads us indeed 
to cry with him; "0 lucidittSI eolidit^ de Teaprit 
Franguis, que devencz-vous?" 

M. Flourena has, in fact, utterly failed to comprehend 
the first principles of the doctrine whicli he assails so 
rudely. His objections to details are of the old sort, so 
liattered and hackneyed on this side of the Channel, tjut; 
not even a Quarterly Re^-iewer could be induced to 
pick tiicm up for the purpose of pelting Mr. Darwia 
over again. We have Cnvier and the mummies ; M. 
Ronlin and the domt'sttcatcd animals of America ; the 
difficulties presented bj"^ hybridism and by Palseontology; 
Darwinism a rifacciamento of De Maillet and Lamarck; 
Darwinism a system without a commencement, and its 
author bound to believe in M. Pouchet, &c. &r. How 
one knows it all by heart, and with what relief one read* 
at p. 65 — ^M 

**Jelai88e M. Darwin 1" ^| 

But we cannot leave M. Flourena without calling our 
readGrs* attention to his wonderful tenth chapter, "Ik 
la Prdoxistonce des Germea et de I'Epig^nfese," whtcb 
opens thus : — 

"SponUiiieoas gen«mtion is 011I7 a dtimsini. Thia point mU- 
bliEhed. two kypobheaes remain : t^int of j>rt-exitlvn<x Bod that <d 
epC^enttii. The cub of these hypotbtaee bus as tittle fotindatioii as 
the other." (P. Ifi3.) 

"Thie doctrine of <pi;7en?*M is derived from Harvey: follovrimiil 
ocuIm iuKptxtion the Jeveloptnent of the new heinR in tlie Windsor" 
does, he anvr euuh part appear successively, and taking ths moment 
of app^arancf for tLa moment of form-ation ha imagined tpi^nesit." 
(P. 165.) 

On the contrary, says M. Flourcns (p. 167), 

" TtiB nc\f being it formed at a stroke {lord tfun cmtp), fts a wbnl«| 
inatanUmeoualy ; it ia not formed part by port, eind at diflicioDt timi:& 
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It IB foriui^d at once; it ia formed at the ainglo ivdividual tnotDentr^l 
At which the conjuuction of the mala aud t'emale elements takea^| 

place." ^1 

It will be observed that M. Flourens uses languages 
which cannot be mistaken. For Lim, the labours of Yon^l 
Baer, of Eathke, of Coste, and their contempoijmes andH 
successors iu Germany, France, and England, are non^B 
existent , and, aa Darwin "unagina" natural selection, e(^H 
Harvey ^imagina" that doctrine which gives hira an eveilH 
greater claim to the veneration of posterity than liljH 
better known discovery of the circulation of the blood. H 

Language such as that we have quoted is, in fact, sa^^ 
preposterous, so utterly incompatible with anything bul^f 
absolute ignorance of some of the beat established facta,H 
that we should have passed it over in silence had it no^| 
appeared to afford eomeclue to M. Flourens' ujiliesitating,^B 
d priori, repudiation of all forms of the doctrine of thefl 
progressive modification of living beings. He whoaa^ 
mind remains uninfluenced by an acquaintance with the 
phsenomena of development, must indeed lack one of the 
chief motives towards the endeavour to trace a genetic 
relation between the different existing forma of life.™ 
Those who are ignorant of Geology, find no difficulty in^ 
believing that the world was made as it ia ; and the 
ehepherd, untutored in history, sees no reason to regard M 
the green mounds which indicate the site of a Roman ™ 
camp, as aught but pai-t and parcel of the prirareval 
liill-sido. So JVL Flourens, who beheves that embryo^H 
are formed "tout d'un coup," naturally finds no difficull^^ 
ia conceiving that species came into existence xa the 
Kuae way. 





ON DT:^CATITES* "discourse TOtTClIING THE 
METHOD OF USING ONE'S REASON RIGHTlT 
AND OF SEEKING SCIENTIFIC TRUTa" 
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It lias T)OPn weH sairl tbat *' all the tlioughts of men, 
from tlie Iji?giiming of tbe world until now, are lioked 
together into one great chain;" but the conception of 
the intellectual filiation of majikiiid which is expressed 
in these words may, perhaps, be more fitly ehadowed , 
forth by a diti'erent metaphor. The thoughts of mcitH 
seem rather to be comparable to the leaves, flowers, and 
fruit upon the innumerable bpaiichpsof afewgre.it stems, 
fed by commingled and bidden xuota. These stems bear 
the names of the hull-a-dozeii men, endowed with intcl* 
iecta of heroic force and clearness, to whom we are led, 
at whatever point of the world of thought the attempt 
to trace its history commences ; just as certainly as tbe^ 
following up the Bmall twigp of a tree to the branchlet*^ 
which bear them, and tracing the branchlets to their 
supporting biMiches, brings us, sooner or later, to tha 
liole. 

It acems to me that the thinker who, more than any 
other, stands in the relation of such a stem towards tha 
philosophy and the science of the modern world is Ren.. 
Desuiu'tuB. I mean, that if you lay hold of any charao*! 



■ 



wo 
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tcristlc prodiiRt of mo(3cm trays of tMnkin;:;, either in 
the region of philosophy, or iu tliat of scieuce, you find 
tho spirit of tLat thought, if not its foriu, to have beeii 
present in the miud of the great Frenchman. fl 

There are some men who are counted great becaas^* 
they represent tlie actuality of their own age, and mirror 
it aa it is. Such an one was ^''oltab'e, of whom it was 
epigrammaticallysiiid,'*he expressed everybody 'a thoughts 
better than anylwdy." * But there are other men who 
attain greatness because they embody tlie potentiality of 
their own day, and magieiilly reflect the future. They 
express the thoughts which will be everybody's two 
or three centuries after them. Such an one ws 
Descartes. 

Born, in 1596, nearly three hundred years ago, of 
noble family iu Touraine, Ren^ Descartes grew up into 
sickly and diminutive child, whose keen wit soon gained' 
bim that title of "the Philoaophei;" which, in the mouths 
of bis noble kinsmen, was more than half a reproach. 
Tho best Behoolmasters of the day, the Jesuits, educated 
him as well as a French boy of tho seventeenth century 
could be educated. And -they must have done their 
work honestly and well, for, before hie schoolboy days 
were over, he bad discovered that the most of wliat lie 
had learned, except in mathematiea, was devoid of aolid 
ami real value, 

"Tiiercfure," aaya hft, in tint " Discoorao "• whlcTi I h«va talten for 
my text, " aa soon as I was old enoiicrh to be aet frpe fi'oni tlie govero- 
ment of my teiifheris, I entirely forsoolt tlia study of iettera ; and 
dfiterminins to bbbIc ho othur kiiuwJeil^o than Uiut ^vliich I cuuM 
discover within myself, or in the grejit book of tlic world, I spent the 
lemaiudor of my youth in trnvollirg ; in gwiiig courba auij arniitis ; iU V 
the BocictT of people of diirotent humouraaud conditions; in gatherings 

' I forget wbo it wus sjiid of him ; " 11 a plus que persoihie I'esprlt que Unit 
te moiiile »." 

• " Oitcaun de la M^thode pour bien cundulru aa Biuaua et chccuhor !• 
Vurili duu les SciuQcea. 
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vftriM «xporifliiM ; in twting mysalT by thec1iani«a of fortune; uA 
ID alwny:> iryiiij; to jirofit by lay i.'^QuctioiiB oa what luippHiiid. . , . 
Anil I aUnya litul ati intense At»\n U> l^nrn how to dialLti^niixh trulh 
I'rotn f»ls^hu(iil, in Divlitr tu be clear abuut my actiouo, auU Co wtiU: 
Bucefootedly in tlna lif<\" 

But "learn whiit ib true, in order to do what is right," 
is the sumtning up of the whole duty of mau, for all 
who are unable to satisfy their mental hunger with the 
east wind of authority; and to those of na modems whfl 
are in this position, it is one of Descartes' great claims t 
our revenince as a spiritual ancestor, that, at tlii-te-anc 
twenty', lie saw riearly that this was his duty, and acl«d 
up to his conviction. At two-and-thirty, in fact, finding 
all other occupations incompatible with the scorch after 
the knowledge which leads to action, and being possessed 
of a modest competence, he withdrew into UoUand; 
where he spent nine years in learning and thinking, in 
such retirement that only one or two trusted friends 
knew of hia whereabouts. 

In 1H37 the lirstfruits of these long meditations were 
given to tlie world in the famous " Discourse touching 
the Method of using Reason rightly and of seeking 
scientific Truth," whit-h, at ouee an autobiogi-aphy and a^ 
philosophy, clothes the deepest thought in language c 
exquisite harmony, simplicity, and clearufRs. 

The centtal propositions of the whole "Discourse* ar 
these. There is a ]»iith that leads to truth so surely, the 
any one who will follow it must needs reach the goa 
whether bis capacity be great or small. And there is onsl 
guiding rule by which a mau may always find this path, 
and keep himself from straying when he has found it 
This golden ride is — give unqualified assent to no pro- 
jwsitiona but those the truth of which is so clear and 
distinct that they camiot be doubted. ^ 

Tb« enunciation of tliia gi-cat first commandment (^| 
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science cnnsecrntetl Doubt It removed Doul>t from the 
seat of ptjianoe among the grievoua sins to which it had 
long been condemned, and enthroned it in that high plaue 
among the primary duties, which is assigned to it by the 
wientific conscience of these latter days. Descartes was 
the first among the moderns to obey this commanthuent 
(lelibcrntely ; und.asa matter of religious duty, to strip 
off III! \\h beliefs and reduce himself to a state of intel- 
li'ctuul nakedness, until such time aa he could satisfy 
himself which were fit to be worn. He thought a bare 
skin healthier than the most rcnpectuble and well-cut 
clothing of what might, possibly, be mere shoddy. 

When I say that Descartes couBCcrated doubt, you must 
remember that it was that sort of doubt which Goethe 
has called "the aetive sceptieism, whose whole aim is to 
conquer itself ;"* and not that other sort which is bora 
of flijipancy and ignorance, and whose aim is only tc 
perpetuiite itself, aa an excuse for idleness and indiffer 
ence. But it ia impossible to define what is meant bj 
scientific doubt better than in Descartes' own words 
After deseribiug the gradual progi-esa of his negative 
criticism, he tells us : — 

"KoT all thftt, I did not imilate tliB Bcuptic-a, who cloiitt only foi 
dnubUnpfj siike, fwid pieWuJ to l>e alwaja uailociilml; on the cniiU'arf, 
my wbolo intention waa to arrive nt iieitainty, and to di';; away tini 
drift and the sand until 1 reiitlied tlie rack or tho clay baiiaith." 

And further, since no man of common sense, when 
he pulls down his house for the purpose of rebuilding it, 
fails to firovide himself with some shelter while tho work 
is in progress ; so, before demolishing the spacious, if not 
commodious, mansion of his old beliefs, Dese^Ttcs thouglit 
it wise to equip himself with what he calls *'une 7norale 
par provision" by which ho resolved to govern his 

' "Kine thiitigo Sk(.-p«ia itit die, welche nniiblnssir; l^muht ist Rich solhst 
fU libi^rwiiiiloi, iiiid diirch ^oiVfreLle Errnhriiiif! v-n niior Art vnii hddln^lrr 
ila«erluaiii;;keit zii ■^tiiatv^n'—lHiixiviiiii %iul Kl:JleJ:iim^.1tf 7" AbLlicduo^ 
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pnictiral life until «uch time as he should ho better 
instructed. The laws of this " provisional self-govern- 
ment " are embodied in four maxims, of which one binds 
our philosopher to submit himself to the laws and religion 
in which he was brouj;ht up ; another, to act, on ali those 
occasions which call fur nction, promptly ftnd accordin{» 
to the best of his judgment^ and to abide, without 
repining, by the r<isult: u thiid rule is to seek happiness 
in limiting his desires, rather thau iu attempting to satisfy 
them ; while i\\v- la»t is to make the search after tnitb 
the business of his life. 

Thus prepared to go on living wlule he doubted, 
Descartes proceeded to face his doubts like a man. One 
thiDg was clear to him, he would not lie to himself— 
■would, under no penalties, say, *' 1 am sure " of that <rf 
which he was not sure ; but would go on digging and 
delving until he came to the solid adamant ; or, at; wont, 
made sure there was no adamant. As the record of hi« 
progresa tells us, he was obliged to confess that life is full 
of delusions ; that authority may err ; that testimony 
may be false or mistaken ; that reason lands us in end- 
less fallacies ; that memory is often as little trustworthy 
as hope ; that the evidence of the very senses may In! 
misunderstood ; that dreams are real as long aa they last, 
and that what we call reality may be a long and restless 
dream. Nay, it is conceivable that some poweirful aud 
TOitlicioua being may find his pleasure in deluding us, and 
ill making us believe the thing which is not, every moment 
of our lives. What, then, is certain 1 What even, if 
such a being exists, ia beyond the reach of his powers of 
delusion % Why, the fact that the thought, the present 
consciousness, exists. Our thoughts may be delusive, 
but they cannot be fictitious. As thoughts, they are 
real and existent, and the cleverest deceiver 
lujikc them otherwise. 
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Thus, thought ia existence. More than that, so far la 
wc are concerned, existeiioc ia thought, all our eoncep* 
tioriB of cxisteuee being somo kind or other of thought, 
_, Do not for a momeut suppose that these are mere 
I paradoxes or subtleties. A little reflection upon the 
l| commoi.est facts proves tbein to be iiTefryg;i.h]c trutha. 
For example, I take up a maa'ble, and I find it to be 
a red, round, hard, aintrle bodj. We call the redness, 
the rouudjiess, the hai-dness, and the singleiiesa, "quali- 
ties " of the marble ; and it sounds, at first, the height of 
absurdity to say that all these qualities are modes of our 
own con3ciouenes3, which cannot even be conceived to 
CJUst in the marble. But consider the redness, to begin 
with. How does the sensation of redness arise ? The 
waves of a eerta.iu very atteijuatcd matter, the particles 
of which are vibrating with vast rapidity, but with very 
different velocities, strike upon the mjirblc, and those 
which vibrate with one particuhu' velocity arc thi'own off 
from its surface in all directions. The optical apparatus 
of the eye gathers some of these together, and gives them 
such a course that they impinge upon the surface of the « 
retina, which is a singularly delicate apparatus, connected H 
with the termination of the fibres of the optic nerva ^ 
The impulses of the attenuatetl matter, or ethtr, ati'ect 
this apparatus and the fibres of the optie nerve in a 
certain way ; and the change in the fibies of the optic 
iier\"e produces yet other changes in the brain ; and 
iheae, m some fashion unknown to ■as, give rise to the 
feeling, or consciousness, of redness. If the marble 
could remain unchanged, and either the rale of vibration 
of the ether, or the nature of the retina, eould be altered, 
the marble would seem not red, but some other colour. 
There are many people who ju-e what are calleil colour- 
Miud, being unable to distinguish one colour front 
tuiotber. Such an one might declare our marble to be 
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green ; and he would be quite ns rigbt m Hiding that it 
18 grcfii, as wc are in declarii)^ it bo be rod. But then, 
aa the TuarMc cannot, in itjivlf, bo both gift-ii and red, al 
the same time, this shows that the qutiUcy "redneaa" 
muBt be in our consciousness and not in the marble. ^| 

In like manner, it is easy to sec that the roundness aa? 
the hardness are forms of our consciousness, belongm^ 
to the m-oups which we call sensations of sight ant: 
touch. If the surface of the cornea were cylindrical, we 
should have a very different notion of a round botlj 
from that wliich we posspss now ; and if the strength of 
the fabric, and the force of the uiuseles, of tlie body were 
incroiised a hundredfold^ our marble would seem to bo as 
Boft as a pellet of bread crumbs. 

Not only is it obvious that all these qualities are m a: 
but, if you will njjike the attt-mpt, you will find it quite 
impossible to conceive of " blueness." "rouudncss," anii 
"hardness'' as existing without reference to some such 
consciousness as our own. It may Bcem, strange to ay 
that even the " singleness " of the marble is relative to us ; 
but extremely simple expciimcnta will show that such ia 
veritably the case, and that our two most trastworlhv 
senses may be made to contradict one another on thia 
very point. Hold the marble between the fin^rr mA 
thumb, and look at it in the ordinary way. SiljIji ;iii 1 
touch agree that it is single. Now squint, and sight 
tells you tliat there are two marbles, while touch asserts 
that there is only one. Next, return the eyes to their 
natural position, and, having croPRcd the forefinger and 
the middle finger, put the marble between their tips. 
Then touch will declare that there are two marbles, while 
sight says that there is culy one ; and touch claims our 
belief, wht'u we attend to it, just as imperatively iii 
sight docs. 

But it may be said, the marble takes up a certain 
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flpnce wliich could not l>e occupied, at the same time, by 
anything else. In other words, tho marble bus the 
primary quality of matter, extension. Surciy this quality 
must be in tho thing, and not in our minds ? But the 
reply must still be ; whatever may, or may not, exist in the 
thing, all that wcean know of these qualities is a state of 
ronaciousEcas. What we call extension is a consciouaaesH 
of a relutjon between two, or more, affections of the 
sense of sight, or of touch. And it is wholly incon- 
ceivable that what we call extension should exist inde- 
pendently of such conaeiouaness as our own. Whether, 
notwithsianding this inconeeivabillty, it does so exist, or 
not, is a point on which I offer no opinion. 

Thus, whatever our marble may be in itself, all that 
we can know of it ia under the shape of a buniUe of our 
own conaeiousnesaes. 

Nor is Our knowledge of anything we know or fee! 
more, or less, than a knowledge of states of conscionsness. 
And our whole life is made up of such states. Some of 
these states we refer to a cause we call " self ; " others to 
a cause or causes which may be comprehended under 
the title of "not-self." Uut neither of the existence ol 
'self," nor of th.it of "not-self," have we, or can we by 
any possibility have, any such unquestionable and im- 
mediate certainty as we have of the i^tates of conscious- 
ne«s which wc consider to be their effects. They are not 
immediately observed fatts, but results of the application 
of the law of causation to those facts. Strictly speaking, 
the existence of a " self " and of a " not^self " are hypo- 
theses by which we account for the facts of f onsciousness. 
They stand upon the same footing as the belief in the 
general truatworlhinesa of nicmoiy, and in tbe general 
constancy of tiie order of nature — as hypotheticnl 
aasumptiona which cannot be proved, or known witli 
that highest degree of certainty whieli is given by mi- 
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mediate consciousness ; Irat which, nevertheless, an; of 
the highest practicnl value, iuiismucfa as the concln- 
»onB logicHlly drawu Uom tliem ftte always verified 
by experience. I 

This, in my judorncnt. is the ultimate issue of Descarter 
argument ; but it is propor for me to point out that we 
have left Descartes himself Rome way behind us. IM 
stopped at the famoua formula, " I thinks therefore I am. 
But a little considcratiou will show this formula to be 
full of snares and verbal entanglements. In the GM 
[)laee, the "thei-efore" lina no businesa there. The **I 
am" is assumed in the " 1 think," which is simply another 
way of saying **! am thinking." And, in the second 
place, '* I think " is nut one simple proposition, but three 
ilistinct assertions rolled into vug. The first of these is, 
"something called I exists ;" the second is, " something 
nailed thought exi-sts;" and the third is, " the thought is 
the result of the action of the I." 

Now, it will be obvious to you, that the only one of 
these three propoaitions which can stand the Cartesian 
tost of certainty is the second. It cannot be doubted, 
for the very doubt is an existent thought. But tlie first 
and third, whether true or not, may be doubted, and 
have been doubted. For the assertor may be askcMl, 
How do you know that thought is not self-existent; or 
that a given thought is not the effect of its antecedent 
thought, or of some external power ? And a diversity of 
othei- questions, much more cosily put than answt 
Descartes, dotermiiied as ho was to strip off all the gar^ 
ments which the intellect weaves for itself, forgot this 
gossamer shirt of the "self;" to the great detriment, 
and indeed ruin, of his toilet when he began to dot; 
himself again. 

But it is beside my pnrpo.=e to dwell upon the min 
peculiarities of the Cartesian philosophy. All I wish 
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put clearly before your min^s tlius far, is that. Bescartesj 
having commenced by tleclanug doubt to be a duty, 
found certainty in consciousness alone ; and that the 
necessary outcome of hLs views is what may properly be 
termed Idealism ; namely, the doctrine tba^ wliatever 
the universe may be, all we can know of it is the picture 
presented to ua by consciousness. This picture may be 
a true likeness — though bow tliis can be is inconceiv- 
able ; or it may have no more resemblance to its cause 
than one of Bach's fugues has to the person who iafl 
playing it ; or than, a piece of poetry has to the mouth^ 
and lips of a reciter. It is enough for all the practical 
purposes of human existence if we find that our trust in 
the representations of consciousness is verified by results; 
and that, by their help, we are enabled " to w«lk sure- 
footedly in this life." f 

Thus the method, or path which leads to truth, indi- 
cated by Descartes, takes us etiuight to the Critical 
Idealism of his great Buccessor Kant. It is that Idealism 
which declares the ultimate fact of all knowledge to be a 
consciousness, or, in other words, a mental phenomenon ; 
and therefore aflirms the highest of all certainties, and 
indeed the only absolute certainty, to Ije the existence of 
mind. But it is also that Idealism which refuses to 
make any assertions, either positive or negative, as to 
what lies beyond consciousness. It accuses the subtle 
Berkeley of stepping beyimd the limits of knowledge 
when he declared that a substance of matter does not 
exist ; and of illogicality, for not seeing that the ar- 
guments which he supposed demolished the existence 
of matter were equally destructive to the existence 
of soul. And it refuses to listen to the jargon of 
more rcceut days about the " Absolute," and all the 
other hyposkitized adjectives, tho initial letters of 
the names cf which are generally printed in ctipital 
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letters ; \\x%X as you give a Grcna<5icr a bearttlcin rap, to 
make him look more Ibrmidable than he ia by nature. 

I repoat, the path indicated and foUowed by Descarte 
which we have hitherto been treading, learU through 
doubt to that eritii-al Idealism whieb lies at the hea 
of modem metaphysical tliought But the " Discoursi 
shows \w another, and appan^ntly very different, paiV 
which leads, quite as definitely, to that correlutioa of all 
the phsenomena of the univeme with matter and motion, 
which hes at the heart of modem physical thought, aiitl 
which most people call MateriaUsm. 

The early part of the seventeenth eentary, when Des- 
cartes reaelieil manhood, is one of the great epochs of the 
intellectual life of mankind. At that time, physical 
science suddenly strode into the arena of public and 
familiar thought, and openly challenged, not only Philo- 
Bophy and tlie Church, but that common i^orauoe 
which passes by the name of CommoQ Sense. Tae as&c^ 
tion of the motion of the earth was a defiance to all 
three, and Physical Science threw down her glove by the 
band of Galileo. 

It is not pleasant to think of the immediate resnit of 
the combat ; to see the champion of science, old, worn, 
and on his knees before the Cardinal Inquisitor, signing 
bis name to what he knew to be a lie. And, no doubt, 
the Cardinals rubbed their hands as they thought how 
well they had silenced aud discredited their adversary- 
But two hundred years have passed, and however feeble 
or faulty her soldiers, Physical Science sits ci'o\pned an d 
entliToned as one of the legitimate rulera of the worl^f 
of thought Charity children would be ashamed not 1^^ 
know that the earth moves; while the Schoolmen &«_ 
forgotten ; and the Gardiimla — well, the Cardinals ore 
tlie CEcumeuical Couucil, still at Uitiir old busiuiuM 
tiyiug u* slup tJie movemettt of the world. 



As a sbtp, which having lain becalmed with every 
etitch of canvas set, bounds away before the breeze 
which Bpringa up astern, so the mind of Descartes, poised 
la equilibrium of doubt, not only yielded to the full force 
of the impulse towards physical science and physical 
ways of thought, given by his great eoutcmporaries, 
Galileo and Harvey, but shot beyond them; and antici- 
pated, by bold speculation, the conclusions, which could 
only be placed upon a secure foundation by the labours 
of generations of workera 

Descartes saw that the discoveries of Galileo meant 
that the remotest parts of the universe were governed by 
mechanical lawa; while those of Harvey meiint that the 
same laws presided over the operations of that portion of 
the world which is nearest to us, namely, our own bodily 
frame. And crossing the interval between the centi-a 
and its vast cu-cunifcrence by one of the gi-eat strides of 
genius, Dtfscaites sought to resolve all the phfenomena of 
the universe into matter and motion, or forces operating 
according to law.' This grand conception, which is 
sketched in the " Diseours," and more fully developed 
in the "Principes" and in the "Trait6 de rllomme," he 
worked out with extraordinary power and knowledge; 
and with the effect of arriving, in the last-named essay, 
at that piu-ely mechanical view of vital phsenoracna 
towards which modern physiology is striving. 

Let us tiy to undcr&taud how Descartes got into this 
path, and why it led bim where it did. The mechanism 
of the circulation of the blood had evidently taken a 
great hold of his mind, as he describes it several times, 
at much length. After giving a lull accoimt of it in the 

* *'A« milieu d« twitw bcs errftDTs, ii De faiit p<i9 niSconnnUtc unefii«ado 
iid^ qui coiiBlnti^ a avuir t^nt^ pour la preiuicrH fois tie raiiieiifr tone lea 
phiflbKidnca naliirola k ii'ilto qn'un Eimiile <l^vGllci|)}>cineiit (l«s hh do la 
|ni&ouii<|ii«," i« tli« neichty juil(;iiicrit at' niol, cittd by Bouilluii {Hiatnin tU 
la PkiiitOfihic CurCctteKntf, £ L p. U^ti). 
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"Tlisroursa,'* anr] erroneously dosRribing tbe motion oP 
the Wood, not to the nontraetion of the walls of tin" 
Iii^art, but to the heat which he supposes to be generatai 
there, he adds :— M 

•Tliis motion, ■wliicli X havo jiirt nxplfiined, w t» ranch thenecwn^ 
rc«ult of Iho •Lrocttiro nf tho {mrU which onn con -ion irt th« heart, an<l 
of tbo boat wliirli ono may fL'«] them with one's ni);;(;rs, axvA of itit 
natme of the blood, which may be experi mentally ascartainoj ; »» '» 
that of a olmk of the force, the situation, and the figure, of ita wcigjba 
und uf iU whixlu." f 

But if tliia apparently vital operation were explicable 
as a ainiple mechanism, might not other vital operations 
be reducible to the same category ? Dcacartea reDJig^ 
without hesitation in the affirmative. ^^H 

"The animal Bpirits," says he, "resenihle a very aiiTitlc flaid, or» 
vmry piirfi and vivid fiaiuo^ aiid are continually generated in the heart, 
mid ascend to the brain as to a aort of reservoir. Hence thoy pan 
into tlio nerves and are distributed to the muscIeB, cnusiiig oont^w^oh 
or rolaxation, according to their quantity." ^^^| 

Thus, according to Descartes, tlie animal body la an 
automaton, which ja competent to perform all the animal 
functions in exactly the same way as a clock or any other 
piece of mechanism. As he puts the case himself : — 

"In }>TOportion aa tbese spirits [the tmimal spirits] entor theesTitie* 
flf the htain, they pass thonci* into tho pores of its Bu)»tance, and from 
Iheac puroa into the nerves ; where, aeeording aa they enter, or wen 
<ialy tend to enter, more or 1«b8, into one than into another, they haw 
tho power of altering the 6j;ure of the muscles into which the nervee 
ere iuserled, and by this means of causing; all the limbs to more. 
Thus, as yoii may have seen in the gi-ottoiee and th« fountains in Toy«l 
gardens, the force with which the wator issues from itt* itwervoir i» 
■uffivi^nt to move various mauhinet), and own to mako thvm play 
instnimEints, or pronounce words according to the di£ferunt disposicion 
of the pipes which lead the water. 

"And, iu truth, the nerves of the machine which Tarn describing ci»r 
\ Tory well be G0Ri|)arod \m the pipRS of llieae waterworlcs ; ita muaclr* 
I aihd its tendons to tlie other various engines and sprin^;^ which seem I" 
I move them; ite aiimal spirita to the water whi<:h impels them, o( 
L which tho heuit is the fouuLaiu ; while tlie cuvilica ul iho br^iu 
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the centr.il officw. Nfurenver, raspiration and otlier siict actions as si 
nntur.il anil iisunl m the body, and wliicli dcjmiid uii t.hii course of tliO' 
spirits, UK tike the moveiimuts of a clo;;k, or of a aiUI, wliich may ba 
kejit up ly the ordin:iry How of the water, 

"T!ie fexLoriinl olytcits which, hy their mere pressncs, act npnn 
orgnua of tho eoDses ; and which, by this memiR, detenuiiie the coi- 
jHiml moGhhiB Lu move in many iliiTerent wiiy?, urxording as the parts 
of the hmiit are armn^tid, are lik« the titraii^cr-i whu, enteriug into 
«ome tif the grott'^ea of these -waterworka, ucconaciuusly cause the 
movemtuita whiuli taTtn place in their preeence. For thfly cannot enter 
"without tiTinding upon c^rtsin planks so airangud that, for exauple, if 
they approach a bathing Dinna, they cause her to hide among ths 
reeds ; and if tHoy attempt to follow her, they hcd approaching a 
Neptune, who threatens them with his trident ; or if they try Boma 
nth«r way, thciy cause auma monster who vcunita water into theic^_ 
TacBB, to dart out ; or like contrivaDc«3, according to the fancy of ths^| 
enpineere who have made them. And lastly, when the rational eout is 
lodged in this machine, it will have ita principal seat in the brain, and 
will take the place of the engineer, who ought to be iii that part of 
the works with which all the pipes are cuunected,. when tu wishes to 
iDcr<>)ise, or to slacken, or In some way to alter, tlitdr luuveueuta/' * 

And again still more strongly :— 

•* All the funclions which I have attributed to this machine (the 
liody), Ds the digestion of food, the pulsation of the heart itnd of 
the art^rieg; the nutrition and tl«j growth of the limbs ; ruepiration, 
wakefulness, and sleep ; the roception of light. Bounds, odours, flavours, 
heat, and such like qualities, in the "rgans of the eixternal senses j the 
impreasiun of the ideas of these in the organ of common aenae and in 
the imagination ; the letenlion, or the inipresaion, of thaaa ideas on the 
meiuory ; the internal movemeDts of tho appetites and th« pa«biions ; 
and lastly, the exticmal movements of all the limb^ which follow so 
aplly, aa well the action of the objecta which are presented to the 
senses, as the imprt^^iona which m^et in the m^imory, that they 
imitate aa nearly aa possible tli(]aa of a real man :' I deEare, I aay, 
tliat yoii should consider that theaa funutious in the machine naturally 

Eroeeed from the mere arrangenieiit of its oi^ans, Hfiither mora nor 
as tbaa do the morumuuts of a ctoi:kt oi uthei automaton, from that 

» -Tniti de rHomme" (Cnugin'a Edition), p. 347. 

' Descuriei pret^ndK that Ii« does not autily hiit vhwa to the hnmnn hnHy, 
!iiilonIy to an imn^nmiry niachimi which, ii it could be consiructed, would do 
all that the htmntit body does ; throwing it nop lo Ijerhcniri iitiivnrthity ; luul 
■atiloMly, beuauiw C'crbenu was by no lutuuis stupid eitouj;li to svallaw tt. 
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of iU weijilit's axiA iU wlieeU ; m Aat, bo far ai th^se tre cnnc*!ni«l, II 
is no nfteesaary to oonMiVu any othi^r vetjatativfl nr Benaitivn BOiil, nOi 
uiy othvr priiiciplv of mvtiou, or of life, tli«Q the bluod and Uio epihii 
■<ntAl«iIby ilw iirv wlibh bums cuntinuHlly in thn haiLrt, and which 
ia no wise Bssvuitiully differfliit Irom all LIm Urol wliicli uxist iB inftot 
mate bodies." * 

The Bpiril of these passages is exactly that of the 
most advanced pliysiolo^ of the present day ; all that 
is necessary to make thera coincide with our present 
physiology in form, is to represent the details of tk 
^^■o^king of the animal machinery in modem language, 
and by tlie aid of modern conceptions. 

Most undoubtedly, the digestion of food in the hamaii 
Iwdy is a purely chemical process ; and the passage of 
the. nutritive porta of that food into the blood, a physical 
opemtion. Beyond all question, the circulation of the 
blood is simply a matter of mechanism, and results from 
the structure and amingement of the parts of the heart 
and vessels, from the contractility of those organs, and 
from the regulation of that contractility by an automa- 
tieally acting nervous apparatus. The progress of phy* 
siology has further shown, that tlie contractility of ihc 
muscles and the irritability of the nerves are purely the 
results of the molecular mechanism of those oi^ans; and 
that the regular movements of the respiratory, aU- 
mentary, and other internal organs are governed and 
j^ided, as mechanically, by their appropriate nervous 
centres. The even rhythm of the breathing of every oue 
of us depends upon the structural integnty of a particuliir 
region of the medulla oblongata, as much as the ticking 
of a clock depends upon the integiity of the escapement 
Yon may take away the hands of a. clock and break up iU 
striking machinery, but it will still tick ; and a mnn may 
be unable to feel, speak, or move, and yet he will breathe. 

Again, in entire accordance with Descartes' allirmaUc 

■ ■•TiTiiti! de I'Homme," j>. 427. 
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it is certain that the modes of motion which constitute 
the physical biisis of light, sound, and heat, are trans- 
milted into aSefitions of nervous matter by the sensory 
organs. These affections are, so to apeak, a kind of 
pljysical ideas, wliich are retained in the central organs, 
constituting what might be called physical memory, and 
may be combined in a manner which anawei's to associa^ 
tion and imagination, or may give rise to muscular 
contractions, in those "reflex actions" which are the 
mechanical reprcscntativeB of volitions. 

Consider what happens when a blow is aimed at the 
eye.* Instantly, and without our knowledge or will, and 
even against tlie will, the eyelids close. What is it that 
happens? A picture of tne rapidly advancing fist is 
made upon the retina at the back of the ey& The retina 
changes this picture into an aflection of a number of the 
fibres of the optic nerve ; the fibi<;a of the optic nerve 
affect certain parts of the brain ; the brain, in consequence, 
affects those particular fibres of the seventh nerve which. 
go to the orbicular muscle of the eyelids ; the change in 
these nerve-fibres causes the muscular fibres to change 
their dimensions, so as to' become shorter and broader ; 
and the result is the closing of the slit between the two 
lids, round which thcae fibres are disposed. Here is a 
pure mechanism, giving rise to a purposive action, and 
Btrietly comparable to that by which Descartes siipppHcs 
his waterwork Diana to be moved. But we may go 
further, and inquire whether our volition, in what we term 
voluntary action, ever playa any other part than that of 
Descaites' engineer, sitting in bis office, and turning tJiis 
tap or the other, as he wishes to set one or another 
machine in motion, but exercising no direct influence 
jiion the movemciuta of the whole. 
iOur volnutary acts conai&t of two parts : firstly, we 

» Coiiiparo "Traits dee PnaaiOM," AA XllL vvbA 'S.SV 
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desire to perform a certain action ; an J, secondly, we soiiift 
how set a-going a marliinery wliicli floes what we deaire, 
But BO little do we directly influence that inaeUiiiety, 
that ruDe-tenths of ua do not even know its existence. 

Suppose f'lie wiUa to raise one's arm and whirl it round 
Nothing 13 t-asior. But the majority of us do not know 
that nerves and muscles are concerned in this process ; 
and the best anatomist among us would be amazingly 
pt-rplexed, if he were called upon to direct the sueeessiou, 
and the relative strength, of the multitudinous nerve- 
cliarigi.s, which ai* the actual causes of this vciy simpit 
operation. 

So again in speaking. How many of us Icnow that the 
Toice is produced in the larynx, and modified by the 
mouth ? How many among these inBtrueted persons 
understand how the voice is produced and modified? 
And what living man, if he had unlimited control over nil 
the netves supplying the mouth and larynx of anotlitr 
person, could make him pronounce a sentence ? Yet^ if 
one has anything to say, what is easier than to say it? 
We desii-e the utterance of certain words : wc touch the 
spring of the word-machine, and they are spoken. Just 
as Descarti?8' engineer, when he wanted a particular hy- 
draulic machiue to play, had only to turn a tap, and what 
be wished was done. It is because the body is a ma- 
chine that education ia possible. Education is the forma- 
tion of habits, nsupcrinrlucingof an artificial organization 
upon the nntural organization of the body ; so that acts, 
which at fii-st required a conscious cttbrt, eventualtf 
became unconsrious and mechanical. If the act whicii 
primarily requires a distinct consciousness and volition 
of its details, always needed the same effort, education 
would be an impossibility. 

According to Descartes, then, all the fhoctions whicl 
ant common to man and animtUa arc performed by 
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body as a mere mechanism, and he looks upon oouscious-I 
nes3 aa the peculiar distinction of the " chose pensante*'] 
of the "rational soul," which in man (aud in man| 
onJy, in Descartes' opinion) is superadded to the bodyj 
This rational soni he coui:eived tn l}e lodged in the 
pineal gland, as in a sort of central office ; and, here, by, 
the intermediatioiii of the animal spirits, it became aware, 
of what WQS goine; on in the body, or influenced th« 
operations of the body. Modern phyaiologi^ta do not 
ascribe so exalted a function to the little pineul gland, but, 
in a vague sort of way, they adopt Descartes' principle, 
and suppose that the soul is lodged in the cortical parb 
of the brain — at least this is commonly regarded aa the 
seat and instrument of conaciousnesa. 

Descartes has clearly stated what he conceived to h 
the difference between spirit and matter. Matt<jr is su 
stance which has exteusion, but does not think ; spirit is 
substance which thinks, but has no extension. It is very 
bard to form a definite notion of what this phraseology 
means, when it is taken in connexion with the location 
of the aoul ta the pineal gland ; and I cua only represent 
it to myself aa signifying that the soul is a mathematical 
point, having place but not extension, within the limits 
of the pineal gland. !N"ot only has it place, but it must 
exert force ; for, according to the hypothesis, it is com- 
petent, when it wills, to change the course of the animal 
spirits, which consist of matter in motion. Thus tliu 
soul becomes a centre of force. lint, at the same time, 
the distinction between spiiit and matter vanishes ; inas- 
mucb as matter, according to a tenable hyiiothcsis, may 
bo nothing but a multitude of centres of force. The 
case is worse if we adopt the modern vag;ue notion that 
coDBciouaness is aeuted in the grey mattei" of llie cere- 
brum, generally ; for, as the grey matter has extension, 
that which is lodged iu it must also have iatensioii. 
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An(l thus we are led, in atjuther way, to lose 
in ran Iter. 

In truth. Dcscartcf^ physiology, like the modem physh 
ology of which it anticipates the spirit, loads atmight to 
ilateri-'dism, so far as that title is rightly applicable to the 
doctrine that we have no knowledge of any thinking suU 
stance, apait from extended substance ; and that thouglit 
is aa much a function of matter as motion is. Thus u'e 
amTe at the singular result that, of the two paths opened 
up to us in the ** Discourse upon Method," the one 
leads, hy way of Ueikeley and Hume, to Kant and 
Idealism ; while the other leads, by way of De La 
Mettrie and Priestley, to modern physiology and ifatc- 
rialism.' Our stem divides into two main bnmches, 
which grow in opposite ways, and Iiear flowers whicb 
look as different as they can well be. But each branch 
is sound and healthy, and has as much life and vigour 
ua the other. 

If a botanist found this state of things in a new plan 
1 imagine that he might be inclined to tbtnk that his tiv 
was monceeious — that the flowers were of diiforent sexes, 
.Lod that, so far from setting up a barrier between the 
two branches of the tree, the only hope of fertility iay in 
bringing them together. I may lie taking too much of a 
naturalist's view of the case, but I must confess that this 
is exactly my notion of what is to be done with meta- 
physics and physics. Their differences are comple- 
mentary, not antagonistic ; and thought will never be 
completely fruitful until the one unites with tho other, 
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' BoHiIIier. into wTiosb «ic»l1«nt "History of tlie CutCBian Thtlonoph]' 
I hftd not Idok^rl wlica l.tiis |i:<i>3a-^ vms -writtc-ii. sdts, very JDBtly. that DeacuU 
'% tuMite le tiCiv lie tJere ile In physique, iin«sL hien qnfl celni ite p^re de ll 
ui^^liy^itjut' iiiadtMTie " (C. i. p. 197). Ste alsu Kuno Fuioher'it " Grschicbt« 
i.er TiPiHiii Philoaiipiiii'.'' Bd. i. ; and the very reiimrkoble work iif L^nu 
" Q«iiliu*)i[« lies Afitteriiilismiii." — A ijooii inu&lnliaD of tbe lu(«r woutill 
b gri;aC wrTiGe to ptiiiosoiibjr id £iijjliiad. 
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liCt me try to explain what I mean. I hold, witb the 
Materialist, that the human body, like all living todit 
ia a machine, all the operations of which will, sooner ol 
lat«r, be explained on physical principles. I believe that 
■we shall, sooner or later, arrive at a mechanical equivalent 
of consciousness, ju8t as we have arrived at a mechanical 
equivalent of heat If a pound weight falling through aH 
distance of a foot gives rise to a definite amount of heat, 
which may properly be said to be its equivalent ; the same ^ 
pound weight fallirig through a foot on a man's hand give 
rifle 10 a definite amount of feeling, which miglit with equal 
propriety be said to be ita equivalent in consciousness.*-]! 
And as wo already kuow that tbeje is a certain paritj 
between the intensity of a pain and the strength of one's' 
dfcsire to get rid of lliat pain ; ;md secondly, that there 
ia a certain con-eapondence between the intensity of theA 
heat, or mechanical violence, which gives rise to the pain, 
and the pain itself; the possibility of the cstubliahment 
of a correlation between mechanical force and volitioi ' 
becomes apparent. And the same conclusion is suf 
gi'stcd by the fact that, within certain limits, the intei 
sity of the mechanical force we exert is proportioned 
the intensity of our desire to exert it. 

Thus I am prepared to go with the Materialists wher- 
ever the true pursuit of the path of Descartes may lead 
them ; and I am glad, on all occasions, to declare my 
belief that their fearicss development of the materialistic 
aspect of these matters has had an immense, and a most 
benofieiiJ, influence upon physiology and psychology, 
Nay more, when they go farther than 1 think they are 
entitled to do — when they introduce Calvinism into 



1 For iJI the (luiLlLficntioaa which need to 1>e made here, I refer tli« rtnde* 
to tlie UKiroiigti diiKMiBi°iori of the iiubure of the reUtion Ijetwe^ii nfri'i--'u.'l.toii 
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Rcio.nre and declare that man is nothing bat a macl 

I do not see a,iiy particular harm in tJieir doctrinee,! 
long aa they admit that which is a matter of expen- 
meutal fact — namely, that it is a macliine capable oi 
adjustiug itsfilf within pertain limits. 

I protest that if some gi"eat Power would agree 
make me always think what is true and do what is right, 
on condition of being turned into a sort of clock and 
wound up every morning before I got out of bed, I 
should instantly close with the offer. The only freedom 
I care about is the freedom to do right ; the freedom to 
do wrong I am ready to pact with on the cheapest terms 
to aoy one who will take it of me. But when the Ma- 
terialists stray beyond the borders of their path and 
begin to talk about there being nothing else in the 
univeiae but Matter and Force and Necessary Laifc-a^ 
and all the rest of their "grenadiers." I decline to 
follow them. I go back to the point from which w« 
started, and to tno other path of Descartes. I remind 
you that we have already seen clooi'ly and distinctly, 
and in a manner whieh admita of no doubt, that all oui 
knowledge is a knowledge of states of consciousnea 
" Matter ' and " Force " are, so far aa we can know, mere 
names for certain forms of consciousneaa. "Necessary" 
means that of which we cannot conceive the contranr. 
"Law" means a rule which we have always found to hold 
good, and which we expect always will hold good. Thus 
it is an indisputalile ti'uth that what we call the material 
world is only known to us under the forma of the ideal 
World ; and, as Descartes tells us, our knowledge of the 
fiuul is more intimate and certain than onr knowledge of 
the body. If I say that impenetrability Is a property 
matter, all that I can really mean is that the consciot 
neas I call extension, and the coneeiousneas I Rail teas 
aace, constantly aecompany one another. Why 
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how tber are thus related is a mystery. And if I say 
that thought is a property of matter, all tliat I can nn*an 
is that, actually or possibly, the consciousncRS of cxten- 

isioD and that of resistance accompany all other aorts of 
consciousness. But, as in the former case, why they oie 
thus associated is an insoluble nijatery. 

From all thia it follows that wliat I may toim lepti- 

i mate materialism, that is, the extension of the conceptions 

I and of the methods of physical science to the highest as 

' •well as the lowest phenomena of vitality, is neither more 

nor less than a sort of shorthand Idealism ; and Bes- 

I cartes' two paths meet at the summit of the mountain, 

though they set out on opposite sides of it. 

' The reconciliation of physics and metaphysics lies in 

i the acknowledgment of faults upon both sides ; in the 

I confession by physics that all the pliienomcna of nature 

are, in their ultimate analysis, known to us only as facts 

of consciousness ; in the admission by metaphysics, that 

I the facts of consciousne® ore, practically, interpretable 

only by the methods and the formulee of physics : and, 

finally, in the obser\aQce by both metaphysical and 

physicid thinkers of Descartes' maxim — ^assent to no 

prupusition the matter of which is not so clear and 

distinct that it cannot be doubted. 

When you did me the honour to osk me todelivt-r tfatu 
, address, I confess I was perplexed what topic to seloet 
IFor you are emphatically and distinctjy a Christian 
body; while scittice and philosojihy, within the mngo 
*»f which lie all the topics on wliich I (;ouId venture 
to epeak, are neither Christian, nor Unchiutiuji, bat ars 
Extrachristian, and have a world of their own, which, to 
uau lacguuge which uill l>e vary furitiiiiir t/> yoari;»ni juiit 
now, is not only **ungectarian," but in altogetuur "iH'culftr* 
The ai'gumenta which I have put U'fore yuu tCHtiitth 

23 



I 



i^xample, are not inconsistent, so for as I know, with an; 
i'onn of theology. 

After nmoh consideration, I thought that I might 
moat useful to you, if I attempted to give you some viaioD 
of this Extrachristian world, aa it appears to a. person wki 
lives a good df«l in it ; and if I tried to show you by 
what methods the dwellers therein try to distiuj^tuai 
truth from falsehood, in regard to some of the deepst 
and most iliiUcult problems that beset hiuuaMity, "in 
order to be clear about their actions, and to walk sure* 
footedly in this life," aa Descartes says. 

It struck mc that if the execution of my project came 
anywhere near the conception of it, you would becoma 
aware that the philosophers and the men of science are 
not esaetly what they are sometimes represented to yoa 
to be ; and that their methods and paths do not lead 
perpendiciUai'ly downwai'ds as you are occjusioually wl 
they do. And I must admit, also, that a particular aiid 
personal motive weighed with me, — namely, the desire to 
show that a certain discourse, which brought a grwi 
storm about my head some time ago, contained nothing 
but the ultimate development of the views of the fatliei 
of modern philosophy. I do not know if I have bc«i 
quite wise in allowiug this last motive to weigh with loe. 
They say that the most dangerous thing one can do in a 
thunderstorm is to shelter oneself under a great tree, and 
the history of Descartes' life shows how naiTowly lie 
escaped being riven by the ligbtnings, which were more 
destructive in bis time than in ours. 

Descartes lived and died a good Catholic, and prided 

himself upon ha\'iug demonstrated the existence of God 

and of the soul of man. As a rewjird for his excrbons. 

Ibis old fi-ienda the Jesuits put his works upon tb-' 

r" Index," and called him an Atheist ; whih; the Pro- 

rte.^r;mC divines of Holland declared him to be both 
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Jesuit and an AtheisL His books narrowly epcaperl 
being burned by the haugman ; the fate of Vanini wiis 
dangled before his eyes ; and the miafortuneB of Galileo 
BO alarmed hira, that he -well-nigh renounced the pur- 
Buita by whit^h the world has bo greatly benefited, and 
was driven into aubterfugea aud evasions which were not 
worthy of liiui. 

" Veiy cowardly," you may say ; and so it was. 
But you must make jillow.ince for the fact that, in the 
seventeenth century, not only did heresy meaa possible 
burning, or impri-^onmeut, but the very suspicion of it 
destroyed a man's peace, and rendered the calm pursuit 
of truth difficult or impossible. I fancy that Descartes 
■was a man to care more about being worried and dis- 
turbed, than about being burned outright ; and, like 
many other men, saerifieed for the sake of peace and 
quietness, what he would have stuhbondy maintained 
against downright violence. 

However this may be, let those who are sure they would 
have done better throw atones at kim. 1 have no feelings 
but those of gratitude and reverence for the man who did 
what he did, when he did ; and a sort of shame that any 
one should repine against taking a fair share of such 
treatment as the world thought good enough for him. 

Finally, it occurs to me that> such being my feeling 
alxiut the matter, it may be useful to all oi ua if I 
ask you, "What is yours? Do you think that the 
Ciiristianity of the seventeenth century looks nobler and 
moi-e attractive for such treatment of such a man ?" You 
will hardly reply that it does. But if it does not, may it 
not be well if all of you do what lies within your power 
io prevent the Christianity of the nineteenth century 
from repeating the scandal ? 

There are one or two living men, who, a couple of 
centuries hence, will bo remembered as Descartes is now, 
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becaiwe they have prodaced gt«at thoughts which ■ffl 
live and grow aa long as mankind laata. 

If the twenty-first century studies their history, it ■will 
find that the Chriatiamty of the middle of the nineteeutli 
century rect^nlsed them only as objects of vilificatiott. 
It is for you (ind such as jou, Christian young men, to 
Ray whether this shall be as trno of the Chriatiaaityof 
the future as it is of tluit of the present I appeal to you 
to say " No," in your own interest, and- in that of the 
Gbriatiantty you profess. 

In the iiit<>rei;t of Science, no appeal is needful; 
Dante sings of Fortune — 

" Qupst' 6 colei, ch'i tanto pnsta in cmca 
Pur <ia color, ehe ta dovrian dat lode 
Dtindoiti biasmo a tortv e mala voco. 
Ma elU %' i V-ata, « cib non ode : 
Coil r nitre priuiu er«atiir« Ii«ta 
Volvfl sua 8p««, e beata ai goije ; "* 

BO, whatever evil voices ratiy rage, Seienee, se^^tire flmon!* 
the innvers tliat are eturnal^ will do her woi-k and be 
bleiised. 

^ " Ani] thb b nhc who's put on croM so much, 
Evi!n I17 lihmii wha ouglil to i;ive ti<<r ]triUM^ 
Giviiiji her wronj^ly ill repul* ami bUme. 
But she IB btiessed, and t.iiB heara not ibia : 

Rlir, with the other prinin-l creitt.iiTVs. ^aA 
Bevolvea her sphere, iinil blessed joys hereolf." 

It^tnii, vii. UO— U& (W. M. HuMctti'a Tniuli 
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Ii Iris loiio^ bpen tlie custom for the newly-instalicil 
President of tlie Britlsli Association for the Advanc9»J 
raent of Science to take advautage of the elevation of I 
the position in which the suffrages of hie colleague 
had, for the time, pln<^ed him, and, casting his eyea' 
around the horizon of the scientific world, to report 
to them what could l>e seen from hia watch-tower ; infl 
what directions the multitudinous divisions of the 
noble army of the improvers of natural knowledge 
were marcning ; what important strongholds of the 
great enemy of U3 all, ignorance, had been recently 
captured ; and, also, with due impartiality, to mark 
where the advanced ports of science had been driven 
in, or a long-continued siege had made no progreas. 

I propose to endeavour to follow this ancient pre- 
ceilent, m a manner suited to the limitatioua of my 
knowledge and of my capacity. I shall not presume 
to attempt a panoramic survey of the woi-ld of science, 
nor even to give a sketch of what is doing in the onefl 
great province of biology, with some portions of which 
my ordinary occupations render me familiar. But I 
shall endeavour to put before you the history of the 
rise and progress of a single biological doctnne ; and 
I shall tiy to give some notion of the fiiiits, both in- 
tellectual and practical, which ^ve owe, directly or in- 
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Aav^\y, to the working out, hj seven getipratiotiB a! 
patieDt and laboriouH investigators, of the thought 
vhich arose, more than two ceuttiries ago, in the nuad 
of a sagacious and observant Italian natoralist. 

It iit a matter of every-day experience that it 'i» 
difficult to present many articles of food &om t» 
eoming covered with mould; that fruit, sound cdou^ 
to all appearance, often contains grubij ut the core; 
that meat, left to itself in the air, is apt to putrefy 
and swarm >vith nia^'ots. Even ordinary water, il 
11 allowed to stand in an ojwn vessel, sooner or lat«r 
\ Iwoomes turbid and full of living matter. 
l' The philoBopherfl of antiquity, interrogated as to 

I the cause of tncw pbcnomena, were provided with « 
rv«dv and a planaible answer. It did not enter their 
miiias even to doid)t that the-se low forms of life wen? 
pfuerat*!*! in the matters in which they mnde tbt'ir 
N)>{H'aranca Lucretina, who bail drunk deeper of the 

II ifc'tt'iitific spirit than any poet of andcni or modem 
L littn's except Goethe, intends to speak oa a philoeo- 
■Mier, rather than as a poet, when he writes that *' with 
r Jpi^hI rt'ftson the earth has gotten the name of mother. 
I HUw all things are j)ro<luced out of the earth. Ami 

uuuv living creatures, even now, spring out of the 

LjHriVi taking fonn by the rHui» and the heat of the 

WSi 'l*he axiom of ancient science, " that the cor-_ 

'.>u i>f one thing ib the birth of another," bad it 

K|'iln embodiment in the notion that a seed difl 

Hii'iv' iho young plant spimga from it; a belief 

' Iv <«Um* ll>4l Mr. Mnnro renilcrB 

" iJiuinitur, nt mcriui m.-ilcrnum nomeii adepts 
YWra fit, e U-na 'laiiiiom fiutit cuiicte orCMa. 
UnllMluc [luiic ciiiua ex^isiiuil inlni»li« tnria 
luibll^ue It cjJido Wilis concixla «•[>*?*." 

iXr JUtmu, .Vdhiffl, lib. T. 7W-790. 

Ike iiuiimin;; of tW Iiist line Iw ln--tt«r reLderntl ■' Det* 
■vm^ wmI Id llie wnrtn va^igur^ raised by thtt mn " 1 
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wide spread and so fixed, that Saint Paul appeals to 
it in one of tJie moat splendid outburstB of his fervid , 
eloquence : — 

*' Tbon fool, that whioli ttion Bowflst ia not quickened, eicoopt it dit." ' 
The proposition that life may, and does, proceed 
from that which has no life, then, was held alike Ity i 
the philosophers, the poets, and the people, of the 
most enlightened nations, eighteen hundred years ago; 
and it remained the accepted doctrine of learned and 
unlearned Europe, through the middle ages, dowu' 
even to the seventeenth century. 

It ia commonly counted among the many merits of 
our great countryman, Ilai'vey, that he was the fii-st to 
declare the opposition of fact to venerable authority 
in this, as in other matters ; but I can discover no 
justification for this wide-spread notion. Afttr care- 
ful seaivh thi*ough the " Exercitationes de Generatione," 
the ino!<t tliat ajipeai-8 clear to me is, that Harvey be- 
lieved all animals and plantfn to spring from what he 
terms a *^ primordtu/n, ■vegetahy'' a phrase which may 
nowadays be reiidere,d "a vegetative germ;" and this, 
he says, is " oviforvu" or " e^-like ; ' not, he ia care- 
ful to add, that it necesi^arily has the t!hai)6 of an egg, 
l>ut beeaui<e it lias the constitution and nature of one. 
That this ^'prii/torfUnm oviforttie" must neodn, in all 
cases, proceed fix)in a living parent is nowhere ex- 
pressly maintained by Harvey, though such an opin. 
ion may be thought to be implied in one or two 
passages ; while, on the other hand, he does, more 
than once, use language which ia consistent only with 
a full belief in spontaneous or equivocal generation.' 

' 1 Ooriulhinaa xv. H. 

* SiMj the fuIJowiri^ |j»i«eago in Exercitatio I. : — " Item tponU natcenUn 
iliuuntur; nou quu<l t:x puti'tdiiH oriii&dtt eiot, sed c^nSi «IUU, lUtum 
■poate, et nqnivocA (nl aiant) generatione, ft pftrenUbua ani 
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In fact, the main concwni of Harvoy's wonderful little 
treatise is not witli generation, in the pliysiological 
senae, at all, but witli development; and Iiis great 
object is the establishment of the doctiine of e|H- 

Tho first distinct enunciation of the hj^thcsifl that 
fell living matter has sprung from preexisting living 
matter, came from a contemporary, though a junior, o? 
Harvey, a native of tliat coimtry, fertile in men great 
in all departments of human activity, which was to 
intellectual Europe, in the siiteenth and seventeeatii 
centuries, what Gei-raany ia iu the nineteenth. It wa» 
in Italy, and from Italian te.acherfl, that Harvey rfl 
ceiyed the moat important part of his scientific edu 
cation. And it was a student trained, in the saraa 
schools, Francesco Tledi — a man of the widest know 
ledge and most versatile abilities, distinguished alike as 
scholar, jioet, physician, and naturalist — who, just two 
hundred aud two y«arH agi), published his " KspericniM 
intorno alia Generazione degl' Inaetti," and gave to the 
world the idea, the growth of which it is my purfwao 
to trace. Redi's honk went througli five editions ia 
twenty years ; and the extreme simplicity of hia ex- 
periments, and the clearneaa of his arguments, gained 
tor his vitnvs, and for their conserjuences, almost oni- 
versal acceptance. 

Redi did not trouble himself much with speculative 
conBiderations, but attacked particular cases of wli-it 
Wivs supposed to be " spontaneous generation " exjifii- 

piovoniwit." Agdln, in "De Uteri Mombranis": — "la ninctomiii nit»- 
tinm e«QCirntioDc (sirut ilixiiniis) hoc eoleniis est, nt ortnm diKODt « trv 
moriiio iillr]iio. iiuoil tiiiii tnatemm turn elM«ndi pi.tcftUKMii ia m Iiafcrt" 

Bitfiuo JiUuu id, di (|iii> ot ri <jno quicqiiid miicitur, urtuni Buum <In«it 
Tiilc priiiKtnliatn in iininidilms (»hf ah aliU stnerantiTnu praveniant, tif 
tpQittt, aut ex yvtrrM/ir: ncufeentur) eat liitiiior In LiiiiidA ii]ii|Uil nulpuU 
luinc condiisiis." LVjinimco jilsuwiial Redi liiu to say reapecting Oan-t/i J 
opiaiima, " Eaporiciizu,^' fi. IJ. M 
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mentally. Here are dead animalB, or pieces of meat, ' 
says he; I expose them to the air in hot weather, and 
in a few days they swarrn with niaegots. You tell my 
that these are generated in the dead flesh ; but if I put 
aimilar bodies, while quite fi'esh, into a jar, and tia 
some fine gauze over the top of the jar, not a maggot 
makes its appearance, while the dead substances, never- 
theless, putrefy just in the same way as before. It ia ' 
obvious, therefore, that the maggots are not generated 
by the corruption of the meat ; and that the cause of 
tueu' fonnatioa must be a something which is kept i 
away by gauze. But gauze will not keep away aeri- 
form bodies, or fluids. This something must, therefore, 
exist in the form of solid particles too big to get 
through the gauze. Nor is one long left in doubt what 
these f5olid particles are ; for the blowflies, attracted 
by the odoui' of the meat, swarm round the vessel, and, 
urged by a powerful but in this case misleading iu- 
stinet., lay eggs out of which maggots are immediately 
hatched u]ion the gauze, 'llie conclusion, therefore, i9 
imavoidable ; the maggots are not generated by the ' 
meat, but the eggs which give rise to them are bi-ought 
through the air by the flies. 

These experiments seem almost childishly simple, 
and one wonders how it was that no one ever thought 
of them before. Simple as they are, however, they ai'e ^ 
worthy of the most careful study, for every piece of fl 
experimental work since done, in regard to this subject, ~ 
has been shaped upon the model furnished by the 
Italian philosopher. As the results of his experiments ; 
were the same, however varied the nature of the ma-' 
Aerials he used, it is not wonderful that there arose in 
Redi's mind a presumption, that in all such cases of 
the seeming production of life from dead matter, the 
real explanation was the iufcrotluction of living germs 
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from without into tliat dead matter.' And ttus tie 
hjpotfae»ui that liring matt4>r always ai'i^es by ilie 
agency of pre-existing living matter, took definite msw; 
and had, henceforward, a right to be considered and a 
claim to be reftited, in each particular case, l>efore tlie 
production of livine matter in any other way could U 
admitted by careful reflsonerH. It will be necessary for 
me to refer to this hypothesis so frequentlv. that, to 
gave circumlocution, I shall call it the hypothesis of 
J^iogptiegis ; and I shall term the contrary doctrine— 
that living matter may be produced by not living mafr 
ter — the hyi^thesis ot Ahiogen^esis. 

In the fieventeenth century, as I have said, the lat- 
ter was the dominant view, sanctioned alike by an 
tiquity and by authority ; and it ie interesting to oh 
Berve that Redi did not escape the customaiy tax upon 

' " Pure cuDti^DtHiiiloiui Heropre in qui'Sta eel in daacnna altm <tiM, ^ 
oitiHciiDu piii savio, \\ Jutu iu (lircUuowiiiieute [jnrlasBi, oaa«r oorrt-ti^ ; hod 
ta<;*ro, che per niolte oHservazioDi moltj Tolii dauie fettc, ml senio iucli- 
nalo a crMl«re ohe In terra. Aa, quelle prime ))iiuit«, e da quel primi an itiilili 
in poi, ohe ella nei priini giurni rlel mnrilo prodnesB per vi>iiiDniU'ni(tnta 
d»I BovTftno ed omnipLiluiite Futtorc, nun abbia nmi piti prcxIciLt.ii iln (• 
medeBima ai: ertm d& iitbtiro, ni? uuiiuale alcnno iierfelto o iiniitrfetUi uIiA 
ei Be fiwae; e olic tntt.o qiiello, clie ne' tetiiiii triipussiitt & natci c cli« or* 
nascere in lei, o da lei veiitnnnio, ven^B Hillo dalln sfDienzn rtalo c «r» 
ilolte pinntci, e dagji nuiitinli stessi, i i|UHli col niezno dtO (iiiiprin muif la 
loro gpezie coiiscrviino. E ne iinne tTilto (rioriio etror^liiuiuo da' cadavffi 
degli aniniali, e da tutte qiiaiite le iTin,iiiere dell' erbe, C de* Soli, C 4ci 
truXXX impnlrlditi, e corrolti itasce.-* vcnui iniiniti — 

■ Noime viclw quxoiiiii|iiG morn, fiiiidoquetfaloro 
CtiiHint laljQauunt in purva aQimalib Tcrti ' — 

lo mi eentu, dloo, iDclinuto ft credere che tutti i\»ti* vermi ei gvncrino d^ 
aeuLO pfltemo; e ohele tftmi, e rerbe, e I' nitre tose tutt« pulrofattc OpB- 
trelattibill non fncclano ultra pflrte, nS abbiauo altro \ifizii> miila (rfoer*- 
rione degl' iDsetti, ao urd d'appreetaru Tin Inogo O wn nido pro^oTivouri^ 

in ciii dagli aiiiiiiuli nd ttrniio ddlu tiiiliiitiira sieno ]Jortwli, « purtwrilii 
"crrai, 1) I'novii a Taltro semenKe del vermi, i qiiu-li loato cLc nntl uonOi 
trovann in easo nidu iin Riitfidenro nliineiito abilit^ima pi-r nijlrii;ai»i; • 
Be in qiiellti non sun portato dullu uiinlri queste euddette sciucdzc, nieot* 
iiiai, rupllotttiimente nionte, yi e'lDgegaeri c iia«ij." — Rkdi, Eiperiaif. 
pp. J<-1(J. 
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A discoverer of liavinfj to defend liiniself against tlie 
cliar^e of impuo^ing tlie authority of the Senptures;' 
for his advei-fianes iTeclared that the generation of bees, 
from the carcase of a dead Hon is affirmed, in the Book ' 
of Judges, to have been the origin of the famous liddla ] 
vritb which Samson perplexed the Philistinos : — 1 

•' Out of the eater came fortli meat. 1 

And out of the »lr«iiK oume forlJi sweetness," 1 

Against all odds, however, Redi, strong with the! 
strength of demonstrable fact, did splendid battle for 
Biogenesis; but it is remarkable that he held the doo 
trine io a sense which, if he had lived in these timei^ 
would have infallibly caused hira to be classed amongj 
the defenders of "spontaneous generation." "Omne 
vivttni es vivo," " uo life without antecedent life," 
ftphoristically sums up Redi's doctrine; but he went 
no further. It is most remarlcable evidence of the 
philosophic caution and itupartialLty of his mind, that 
althougn he had speculatively anticipated the manner 
in which grubs really are deposited in fruits and in the 
^aUs of plants, he deliberately admits that the evidence 
18 insufficient to bear him out; and he therefore pre. 
fers the supposition that they are generated by a modi- 
fication of the living substance of the plants themselveat 
Indeed, he regards these vegetable growths as organs, 
by means of which the plant gives rise to an animal, 
and looks upon this production of specific animals as 
the iinal cause of the galls and of at any rate some 
fruita. And he proposes to explain the occurrence of 
parasites within the animal body in the same way.' 

* '^Ifoltt, G moiti ultri anoura vi potrei imnov^urAre, bg ddh fussi chift- 
niattt a rispotdero allu rftinpogne lii alciini, <'lne liriisi?uiin:'nt:(! mi raniinen- 
tann HA. che ei lej^ge nel cHi>itol(j (inattordiceflirao d*i Bwrosanto Libro ile' 
giti'Iici '' — Heui. I. e,, p. 4Ii. 

• Tlie imnsn^e (Kaiimwize, p. 199) ia wcirtli i]itutingiu I\i!I:— 

*'Sq doveen polesarvi il niio Heutimento ffrui]<.>i'«i (ihe i t^iitti, i legiiiiii, 
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It is of greftt itnprtrtnnoe to apprehend Redi's poK- 
lion rigbtly ; for the lines of thought he laid down for 
us are those apon which naturalists have been workti^; 
ever since. Clearlv, he held Shtjenesis as against 
AbiogenesU ; and 1 vliall immediately pmeeed, in tlw 
flnt place, to inquire how far subsequent investigatioD 
bftA Dome him out in so doing. 

But Redi also thought that there were two modes 

]^i alb«ri « U fo]^li«, in dm mMi>^T« tnv9rmiD«mer«. Una, pervKA T«n«odo 
I l>a>7hi p«r di Aior&, « ocr^JUKlo t'slimeato, <^ol rodorft ci aproDo la ttriAi, 
•d arriviinA ftltk pttt inUnu inidolla d«' fmttl « <t6' l«(cni- i''iiltra tnaoi)- 
erftii t, «h« i9 p«r n« stifn«rei, cb« aoii fowe prtiii fattodi^dlcovolciicrt- 
der«, obe qodl* anima o qscJIa rirtti, la qnale gon^a i fiori e<l i fniUi a«U« 

g'aat« viT«nti, fia ^oelU «t«Ma che s«neri ftn^ora i bachi di a6t« (ftsBlt* 
nlki ^ fonw, cbe tnolti frntd <l«^i u\»n non fli«ao pr«>(lotU, noo p^r oi 
Hne primaric c ]'rinnpa)«, ma b^nel per no uflUio sawunilaHo o scrrilo, ^ 
atinato alia R«o«raxiooe di <|U«' vermi, eervoxlo a l«ro id vece di mstriiwv 
in cni dimonaona pr<£wo e dctenninato t«mpo; il quale arrirato Mcaa 
fnvra a ^rodfir* fl wfo. 

"lo m' iramAjrino, che <fi«rto mlo penei«ro Don ri pBrri totalmeato na 
pantdnvw ; lowtro far«t« rifl«Mi9iie a niivlle tank eort« di jcdlo, di ^bUm- 
s^fi, di ooooole, di ricci. di ealioi, di curn<^lti e di lapjiole, che min prwlatto 
dall« quarco, dnUv famio, da' cerri, da* ^agliori. da' kcci o da tiltri Himill 
olhari da ghianda; iinpemix:i'li^ in quelle ^loxxole, o narticclanuenta 
ndla pill ittosm, dbc si cbiamano cvronnti, ii»' ricci cnpclluU, cbe dnSbli 
da' no«tH miitadini md delti ; u^i ricci Icgnosi dul cerru, ntt' ricci sEcllati 
della qoercia, ndle gallauc deUa fo^Iia del leocio f\ rode evident! mi mn- 
nuintai. nb« la prima c principale intenEiDOe della naliira ^ tormara denln 
dl quelle on aatmalo *olautp; redtnidnei nel rentro dclla gullozzola na 
aovo, ot« ool on.>aoereeool muMinir^ di essa gallueiculava trrivcciidocni^ 
tniaiido ancb' eglE, e creece altreei a sua tempo qad venue, che axW onrt 
■i rac^hiude; il qua! venpe. quaodo lajealli>z^a^finicadi matn rare e oka 
h vMiiito il t«rniiiio i!<«tinnto nl siio Dn.viimeaUi, divpotu, di T«nne cbo en, 
una mosra. ... • lo ri coiif>;s3o iit^unuiii^iite, die priinn d^Bver €mM 

3iw»t« mlo osperienze Intorno alia pi-ncrozione dctrl' inactti ml d«»a a rre- 
ere, o per dir meglio sospetltiviv die furse la call'ozxola nasccaiu-, iien-lii 
arrivftiiilo In inosrii ncl t.eirijm ilulla primavurn, ti faocndo iiaa piccoiiasini* 
fttMUra ne' ranii pib teueri delln qaerula, In qnulla feaaiira naac:<Hidc«o QDU 
de wioi semi, il quale foaso cngiflne cho abocciasfto ftiora la galloExola ; t the 
mni non si redessero pille n gollozzole o rioci o comctti o calicl o coc- 
eole. se non in que' rami, ne' qnjili Ic mosohe nvoflsero depiwituto le !oro 
leiuenzf; e mt d»VA ad intetnlero^ che le gallouole foesero itna malnltla 
fagionHta nelle ipierce dalle punture doUe mosche, in quella ^om »ldaa 
::tie dalle ptinture d'alln animaleltl simiglievull TC£jci<Liilu crcaocre de' I 
niuri ne' oorpi de^li aDimali." 
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of Biogene^s. By the one method, which is that of i 
commou and ordliiaiy oecun-ence, tlic living parentl 
gives rise to offspring which passes fhrOTigli the SflniM 
cycle of changes as itselt^—like gives j-ise to like ; and] 
this has been termed Ilomogeitesh. By the other modft^ 
the living parent was supposed to give nse to ofls^pringj 
■which passed through a totally difterent series of stjitefi| 
from those exhiliited by the parent, and did not retuii 
into the cycle of the parent ; this is ^vhat ought to lj6 
called Ifeterogenesfs, the offspring being altogether and 
peiTuanently unlite the parent. The term Heteroge- 
nesis, however, has unfoitnnately been used in a diifer- 
ent sense, and M. Milne-Edwai-ds has therefore 8ul>J 
stituted tor it ^enogenemSy which means the generation 
of something foreign. After discussing Redi's hypothesis J 
of universal Biogenesis, then, I shall go on to ask \o-w\ 
far the gro^rtli of science justifies his other hypothesis 
of Xenogenosia. 

The progress of the hypothesis of Biogenesis was 
triumphant and unchecked for nearly a century. The! 
application of the microscope to anatomy in the hands 
of Grew, Leeuwenhoek. Swammerdam, Lyonet, Vallis- 
nieri, Reaumur, and other illustrioiia investigators of M 
nature of that day, displayed such a complexity of ™ 
organisfltion in the lowest and miuutest foi-ms, and 
everywhere revealed sueh a prodigality of jtrovisiou 
for their m ultiplicatiou by germs of one sort or another, 
that the hypothesis of Ahiogenesis began to appear 
not only untme, but absurd ; and, in the middle of 
the eighteenth century, when Needhaiu and Buffoa 
took up the question, it was almost universally di» 
ci-odited.' 

' Kei'dljam. writing in ITflO, says:— 

" Len nalarnliKleB moderctis a'accordt^Dt uoiuiinK^iiiunt A AtaMIr, ooniin# 
Dne v6ril6 (^ertiiine, qim tuiite I'liinto vit-nt de «ii nf^Hienpo spficifiqne, tout 
anioiftl d'uD ouaf oudeqaelqDeoliuBed'inialut'ue {iieexiirttmttiuiivljL {ilaato^ 
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But the akill of the microseope-makers of tlie eigl 
t(i«nth century soon reached its Umit>. A microscope 
ma«niiyiug 400 diameters Traa a chef ^<mivr& of tnfi 
opticians of that day ; and, at the same time, br n^ 
nations trust worthy. But a magnifying power of W. 
diametera, even when deftnition reaehcs the exquisitti 
perfection of our modom achromatic lense^ hardly 
suffices for the mere discernment of the smallest for 
of life. A 8j>eck, only ^'yth of an inch in diameter, 
at 10 inches from the eye, the same apparent size as 
<>hject TiriDO*'^ ^^ '^^ inch In diameter, when raagniiied 
400 times ; but forms of living matter abound, the 
diameter of which is not more than , ^ - \ ^ ^ iXi of an inch. 
A filtered infusion of hay, allowed to stan<l for two 
days, will swaiin with living things, among which, any 
which reaches the diameter of a miraan red blood^or- 
puscle, or about Wg-jtb of an inch, is a giant. It io 
only by bearing these facts in mind, that we can deal 
fairly with the remarkable statements and speculations 
pat forward by Buffon and Needham in the ml 
the eighteenth century. 

When a poHJou of any animal or vegetab 
ia infused in water, it gradually softens and disinte« 
grates ; and, as it doea ao, the water is found to awi 
with minute active creatures, the so-called Infueo 
Animalcules^, none of which can be seen, except by t 
aid of the microscope ; while a large proportion belo 
to the category of smallest things of which I ha 
spoken, and which must Lave all looked like 
dots and lines under the ordinaiy microscopes of 
eighteenth century. 

ail duns I' animal da mfmiQcapSce qni I 'a prod mt." — Ifowttlltt Ohterrati 
p. 16Q. 

" I.uA ntitortilietea ont g£n6raUinent eni que I«b ftnimatix tnicrofl<>o{>t<, 
l^taii'iit oDj^dndrCs |mr des a'lifn trnnaptiitf: iliinri Tiiir, on dipotlm daiu' 
•aux ilitrinnntea pard«« inBcctoa vulans."— AijJ., p. ITS. 
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^H Led by varioiia tlwioretioal cnnsiderations wliich I 
^rannot now discuss, but wliich looked promising enough 
in the lights of that day, BuJlbn and Needham doubted 
the applicability of Redi's hypothesis to the infusoiial 
animalcules, and Needham veiy properly endeavoured 
to put the question to au experimeutal test. He said 
to mmselt", li' these iufasorial auimaleules come from 
ffemis, their germs must esiet either in the substance 
infused, or iu the water with which the infiision m 
made, or in the superjacent air. Now, the vitaKty of 
all ffenuB is destroyed by heat. Therefore, if I boil 
the infusion, cork it up carefully, cementing the cork 
over with maBtic, and then heat the whole vessel by 
heaping hot ashes over it, I must needs kill whatever 

femis are present. Consequently, if Redi's hypothesis 
old good, when the infiision is taken away and allowed 
to cool, no animalcules ought to be developed in itj 
whereas, if the animalcules are not dependent on pro- 
existing germs, but are generated fi'ora the infused M 
substance, they ought, by-and«by, to make their appear. I 
ance. Needhara found that, under the circumstances \ 
in which he made his esperunenta, animalcules always 
did arise in the infusions, when a sufficient time had _ 
elq»8ed to allow for their development. I 

In much of his work Needham was associated with I 
Buffon, and the results of their experiments fitted in " 
admirably with the great French naturalist's hypothesis 
fagf " organic molecules," according to which, life is tho 
nbdefieasible property of certain indestructible mole- 
cules of matter, which exist in all living things, and 
have inherent activities by which they are distinguished 
fi-om not living matter. Each individual lidng oi^an- 
ism is formed by their temporary combination. They 
stand to it in the relation of the particles of water to 
cascade, or a whii'lpool ; or to a mould, into wh 
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the water is poureHl. The form of the organism is thoa 

determined by the reaction hetween extemol condi- 
tions and the inherent activities of the organic molfr 
cules of which it is composed ; and, as the stoppage of 
a whirlpool destroys nothing but a form, and lesvH 
the molecules of the water, with all their inhei-eiit 
activities intact, so what we call the death and putre- 
faction of an aniioal, or of a i)laut, is merely the hreak- 
ing up of the form, or manner of association, of its 
constituent organic molecules, which are then set free 
an infusorial animalcules. 

It will be perceived that this doctrine is' by no means 
identical with Abiogenmis^ with which it is often con* 
founded. On this hypothesis, a piece of beef, or a 
handful of hay, is dead only in a limited sense, Thfl 
beef is dead ox, and the hay is dead grass ; bot the 
" organic molecules " of the beef or the hay are not 
deail, but are roady to manifest their vitality as soon 
as the bovine or herbaceous shrouds in which' they are 
imprisoned are rent by the macerating action of water. 
The hypothesis therefore must be classified under Xen- 
ogenesis, rather than under Abiogeuesis. Such as it 
was, I think it will appear, to those who will be just 
enough to remember that it was propounded before 
the birth of modem chemistry, and of the modem 
optical arts, to be a most ingenious and su^estive 
speculation. 

But the great tragedy of Science — the slaying of ft 
J)eautiful hypothesis by an ugly fact — which is so con- 
stantly being enacted under the eyes of philosophers, 
was played, almost immediately, for the beSCTt of 
Buffon and Needhara. 

Once more, an Italian, the Abb^ 8pallanzani, « 
woi-thy successor and rejjresentative of Redi in hiB 
acuteness, his ingenuity, and his learning, subjected 
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Ke experiments and the conclusions of Neeilham to a. 

Twarchlug criticism. It might be true that Noedham'a 
experiment B yielded results such as he had described, but 
did they bear out his arguments ? "Was it not possible,. 
in the first place, that he had not completely exeludedj 
the air by his corks and mastic ? And was it not pos-^^ 
nble, in the second place, that he bad not saifficiently 
beated his infusions and the superjacent air ? Spal* 
lanzani joined issue ivith the English naturalist on 
both these pleas, and he showed that if, in the first 
place, the glass vessels In which the infusions were 
contained wore hermetically sealed by fusing their 
necks, and if, in the second place, they wefo exposed 
to the temperature of boiling water for three-quarters 
of an hour,' no animalcules ever made their appearance 
within them. It must be admitted that the experi- 
ments and ai^umentsof Spallanzani fuiTiish a complete 
and a crushing reply to those of Needhara. But we 
all too often forget that it is one thing to reftite a prop- 
osition, and another to prove the tnith of a doctrine 
■which, implicitly or explicitly, contradicts that prop, 
osition, and the advance of science soon showed that, 
though Needham might be quite wrong, it did not 
follow that Spallanzani was quite right. 

Modern chemistry, the birth of the latter half of the 
eighteenth centuiy, grew apace, aud soou found herself 
face to face with the gi'eat problems which biology bad 
vainly ti-ied to attack without her help. The discovery 
of oxygen led to the laying of the foundations of a 
scientific theory of respiration, and to an esamination 
of the mai-velloua interactions of organic substaucea 
with oxygen. The presence of fcee oxygen aijjj&i.red 
to be one of the couditions of the existence of lite, and 
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of those singular changes in or)j;anic matters which an 
known as fennentation aii J putrefaction. The qaestid^ 
nf the generation of the lufueor}* animalcales thfl 
iMSAed into a new phase. For what might not ham 
napi>ened to the organic matt«r of the infusions, or 1^ 
th« oxy^n of the air, in Spallanzanrs experimetttsl 
What sconrity was there that the development of life 
which ought to have taken place had not oeen cbeck^ 
or prevented by these changes ? fl 

The hattle had to be fought again. Tt was needraT 
to repeat the experiments under conditions which 
woula mi^e sure that neither the oxygen of the air, 
nor the composition of the o]^nic matter, was altered 
in such a matter as to interfere with the existence of 
life. ■ 

&chnlze and Schwann look up the question fr<OT 
this point of view in 1836 and 18?t7. The passage of 
ur through red-hot glass tabe^ or throo^li strong 
iulphuric acid, does not alter the proportion of it* 
i>xygpn, while it must needs arrest or destroy any 
organic matter which may be contained in the air. 
These experimenters, therefore, contrived arrange 
menta by which the only air which should come into 
contact with a boiled infusion should be such as had 
either passed through red-hot tubes or through strong 
sulphuric acid. The result which they obtained wa» 
that an infusion so treated developed no living thing^ 
while, if the same inftision was afterwards exposed U> 
the air, such things appeared rapidly and abundantly* 
The accuracy of these experiments has been alternate- 
ly denied and affirmed. Supposing them to be «• 
cepted, however, all that they really proved was th»t 
the treatment t^ which the air was subjected destroyed 
^mt^hiiiij that was essential to the development of life 
in the infusion. This "something" might be gaaeoui 
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flui<1. OP soli^l; that it cnnsisted of germs reraaiiied] 
only an hypothesis of greater or less probability. ] 

Contemporaneously with these investti^ations a re^ 
markable discovery was made by Cagnlara de la Tour. 
He found that common yeast is eomposed of a vast 
accumulation of minute plants. The fermentation of 
must or of woi-t in the fabrication of wine and of beer 
18 always aecompa,nied l)y the rapid growth and multi- 
plication of these Torulae. Thus fermentation, in so _ 
far as it was accompanied by the development of nii>^ 
cTfiseopical oi-ganisms in enormous nuniriers, became 
assimilated to the decomposition of an infusion of or- 
dinary animal or vegetable matter; and it was an ol> 
vions suggestion that the oi-ganiams were, in some wayM 
or other, the causes both of fermentation and of putre*^ 
faction. The chemiete, with Berzelius and Liebig at 
their head, at first laughed this idea to scorn ; but, in 
1843, a man then very young, who has sinee performed 
the unexampled feat of attaining to high eminence 
alike in Mathematics, Physics, and Physiology — I 
apeak of the illustrious Hehnholtz — reduced the mat- 
ter to the test of espei-iment by a method alike ele^fl 
gant and conclusive. Helmholtz aeparat«d a putrefy- 
ing or a fermenting liquid from one which was simply 
fratrescible or fermentable by a membrane which al- 
owed the fluids to pass through aud become inter- 
mixed, but stopped the passage of solids. The result 
was, that while the putrescible or the termentablo 
liquids became impregnated with the results of the 
putrescence or fermentation which was going on oa 
the other side of the membrane, they neither putrefied 
(in the ordinary way) nor fermented ; nor were any of 
the organisms which abounded in the fermenting or 
putrefying liquid generated in them. Therefore the 
cause of the development of tbeae ot^ftmHcafe 'Sft.vc&^.Xx 
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in Homething which cannot pass through membranea; 
tttnl, as Heliaholtz's investigations were long ant«>» 
dent to GrahHui's rtitHsarehes upon colloids, his natural 
coaclusion was that the agent thus intercepted must 
be a solid material. In point of fact, Helniholtz's 
experiments narrowed the itisue to this: that whidi 
excites fermentation and putrefaction, and at the same 
time gives ri«e to living fonns in a fermentable or 
putroHcihle fluid, is not a gaa and is not a ditliisihiti 
fluid ; therefore it is either a colloid, or it is matt«T 
divided into very minute solid particles. 

'Hie researches of Schroeder and Dusch in 1854, and 
of Schroeder alone, in 1859, cleared up this point by 
experiments which are simply refinements upon those 
of Redi. A lump of cotton-wool ia, physically speak- 
ing, a pile of many thicknesses of a very flne gauze, 
the fineness of the meshes of which depends upon the 
olosenetis of the compression of the wooL Nov, 
Schrooiler and Dusch found that, in the case of all tbe 
putretiable materials which they used (except milk 
and yolk of egg), an infusion boiled, and then allowed 
to come into contact with no air but such as had been 
filtertnl through ootton-wool, neither putrefied nor fer 
mented, nor developed living forms. It ia hard to 
imagine what the fine sieve formetl by the ootton-woiJ 
could have stopped except minute solid particlea. 
Stilt the evidence was incomplete antil it had been 
sitively shown, first, that on.linary air does ■**"**" 
jvirticle^; and, secondly, that tUtn^on, tluMll 
i-wool arrests these particles and allowB ody 
ftUlr pure air to pass. This demonstzmiiaa m 
f\imistie(i Avithin tne last year bj the r^^wAaHt 
«xp«Hmenfa3 of ProfesMr Tyndall. It has beea a 
«MMtton objection of Abiogenists that, if the dootiiiM 
Hf Kogeay is true, the air must be thick w^ 
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and tlicy regard this as the height of ahsurdity. But 
Nature occasionally is exceedingly unreasonable, andj 
Professor Tyndall has proTed that this particular ab-j 
surdity may uevertheleee be a reality. He has demon- 
Btrat^ed that ordinary air is no better than a Bort of | 
Btirabout of eieeasively minute solid particles ; thatj 
these particles are almost wholly destructible by heat)] 
and that they are etrained off, and the air rendered 
optically pure, by being paeeed throngh cotton-wool. 1 
But it remains yet in the order of logic, though not.] 
of his^tory, to show that among these aoHd destructible 
pai-ticles there really do exist germs capable of giving 
rise to the development of living forms in suitable 
menstrua. This piece of worlc was done by M. Pa* 
teur in those beautiful researches which will ever ren* 
der his name famous ; and which, in spite of all attacks 
upon them, appear to me now, as they did seven years 
ago', to be models of accurate experimentation and 
logical reasoning. He strained air thi'ough cotton- 
wool, and found, as Schroeder and Dusch had done, 
that it contained nothing competent to give rise to the 
development of life in fluids highly fitted for that pur- 
pose. But the important further links in the chain of 
evidence added by Pasteur are three. In the first 
place he subjected to microscopic examination the 
cotton-wool which had served as strainer, and found 
that sundry bodies, clearly recognizable as germs, were 
among the solid particles strained off. Secondly, ha 

f>roved that these germs were competent to give nae to 
ivin» forms by simply sowing them in a solution fitted 
for their development. And, thirdly, he showed that 
the incapacity of air strained through cotton-wool to 
give rise to life was not due to any occult change af* 

* " LeotnreR to Working Meo ud the OauaeB of the PhenonieDa of Organia 
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fected ill ponstituenta of the air by the wool, by pro*. 
ing- that the ootton-wool might be tlispenseu wltk 
.iltogether, and perfectly free access left oetween the 
exterior air and that in the exj»eriiueutal flaak. If tba 
neck of the flask is drawn out into a tube and bent 
downwards; and if, after the contained fluid haa beta 
carcfiilly boiled, the tube is heated sufficiently to de- 
stroy any germs which may be present in the air w^hic^ 
eaters as tne fluid wjols, the appai-atus may be left to 
itself for tiiiv time and no life will appear m the fluid. 
The reason is plain. Although there is ft-ee communi* 
cation between tho atmuephere laden witli germs and 
the germless air in the flask, contact Iwitween tho two 
takes j>lnee only in the tube; and as the germs cannot 
fall upwiinls, and there are no currents, they never 
ivarli the interior of the flask. But if the tul>e he 
Iin)ken .short ufl' where it pRiceeds fittni the tliisk, and 
free acccfw be thus given to germs falling vertically out 
'>f the air, the fluid which Ikis remained clear and desert 
for monthB, becomes in a few days turbid and foil of 
life. 

These experiments have been repeated over and 
over again by Independent observers with entire suc- 
oesa ; and there is one very simple mode of seeing the 
facts for t>nepelf, which T may a.-* well dei>cribe. 

Prepare a solution (mnch xised by M. Pantenr, and 
often called "Pasteur's solution ") composed of water 
with tartrate of ammonia, su^ar. and yeast-aab die- 
•olved therein.' Divide it into tliree portions in at 
tunny flasks; boil all three for a (piarter of an hour; 
lind, while the steam is passing out^ stop the neck of 
WW with a large plug of ct^tton-wtxil, so that this al*o 

^ ltefU*iM of Haj tivAted in th» muiw itat jiplda fiinl)«r rwcHa ; bat, it 
k^Mthilito orguBioOBiitlM'. tli« MwuRicDt itblcli foUiiiT* MUiDot b* imti 
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\y he tlioroughly steamed. Now set the flasks aaide 
cool, and, wnea their contents are cold, add to one 
of the open ones a drop of filtered infiiaion of liay 
which has stood for twenty-four hours, and is conae. 
quently ftill of the actire and excessively minuta 
oi^anisms known as Bacteria. In a couple of days 
of ordinary warm weather the contents of this flask 
will be milky from the enormous multiplication of 
bacteria. The other laak, open and exposed to the 
air, sooner or later will become milky with Bacteria, 
and patches of mould may appear m it ; while the 
liquid in the flask, the neck of which is plugged, 
with cotton-wool, will remain clear for an indenuit© 
time. I have sought in vain for any explanation 
of these facta, except tlie obvious one, that the air 
contains germs competent to give liae to Bacteria, 
such as those with which the brst solution has been 
knowingly and purposely inoculated, and to the mould- 
^HtujL And I have not yet been able to meet with 
any advocate of Abiogenesia who seriously maintains 
that the atoms of sugar, tartrate of ammonia, yeast-ash, 
and W8t«r, under no influence but that of free access 
of air and the ordinaiy temperature, I'earrange them- 
selves and gave rise to the protoplasm of Bacterki/m. , 
But the alternative is to admit that these B'Mteria 
arise from germs in the air ; and if they are thus pro- 
pagated, the burden of proof that other like forms are 
genei-ated in a different manner must rest with the as- 
serter of that proposition, 

To sum up the effect of this long chain of evi. | 
dence : — 

Jt is demonstrable that a fluid eminently fit for 
the development of the lowest forms of life, but which 
contains neither germs, nor any protein compound, 
gives rise to living things in great abundance it' it vi 
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oxposetl to ordinary air, while no sufih dex'elopraent 
takes place if the air with which it 19 in contact ii 
uut'haniail ly frf-ed from the solid particles which ordi- 
HHrily float, in it and which may be made visible b^ 
approitriate means. 

It 13 demonstrable that the ffreat majority of thes^ 
particles are destructible by heat, and that some «' 
thran are gerniR or living particles capable of ^'ving 
rise to the same fonuH of life aa those which appear 
when the fluid ia exposed to nnpurifieil air. 

It is demoDBtrable that inociilation of the experi* 
mental flnid with a drop of liquid known to contain 
livini^ particles ^ives rise to the flame phenomena as 
exposure to unpurilied air. 

And it is farther certain that these living particles 
are so minute that the assumption of their suspensioa 
in ordinary air presentB not the slightest dimcully. 
On the contrary, considering their lightness and the 
wide diffusion of the organisms which produce them, 
it \i>' iiupoH8!l>le to conceive that they Hhould not be 
auHpended in the atmosphere in myriads. 

Thus the evidence, direct and indirect, in favor of 
Biogenesis, for all known forms of life must, I think, 
be admitted to be of great weight. 

On the other aide, the sole assertions worthy of at- 
tention are that hermetically -sealed fluids, which have 
been exposed to great and long-continued heat, have 
sometimes exhibited living forms of low oi^anisatiou 
when they have been opened. 

The first reply that suggests itself is the probabil- 
ity that there must be some error about these experi- 
ments, because they ai-e pertbrmed on an enormous 
Mcale every day with quite contrary results. Meat, 
fruits, vegetables, the very materials of the most fer 
meutable and puirescible infusiuus, ai'e preserved tir 
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the extent, I snppose I may say, of thousands of tons 
every year, by a niethod whicli is a mere application 
of SpallauzaniV experimertv Tte matters to be pre- 
eerred are well boiled in a tin case provided ■with ft 
email hole, and this hole is soldered up when all the 
8ur in the case has been replaced by sleam. By this 
method they may be kept for years without putrefy- 
ing, fermenting, or getting mouldy. Now, this ia not 
because oxygen ia excluded, inasmuch as it if* now 
proved that free oxygen U not necessary for either fer- 
mentation or putrefaction. It is not because the tina 
are exhausted of air, for Vilrion€8 and Bacieria live, 
aa Pasteur hae shown, without air or free oxygen. It 
is not because the boiled meats or vegetables are not 
putrescible or fermentable, aa those who have had the 
aiisfortune to be in a ahipsupplied with nnskilfiilly- 
closed tins well know. What is it, therefore, but the 
exclusion of genns? I think that Abiogenista are 
bound to answer this question before they ask us to 
oonaider new experiments of precisely the same order. 
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maider new experiments of precLscly the same order. ^4 
And in the next place, if the results of the experi- S 
enta I refer to are really tmstworthv, it by no means 



ments I refer to are really tmstworthy, it by 
follows that Abiogeneab has taken place. The resiat- 
anc6 of living matter to heat is known to vary within 
considerable limits, and to depend, to some extent, 
upon the chemical and physical qualities of the sur- 
rounding medium. But, if, in the present state of sci- 
ence, the alternative is offered us, either germs can 
stand a greater heat than Las been supposed, or the 
molecules of dead matter, for no valid or intclligibla 
reason that is assigned, are able to rearrange them- 
eelves into living bodies, exactly such as can be d^^ 
monstrated to be frequently produced in another way,H 
I cannot understand how choice can be, even for ■ " 
moment, doubtfuh 
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But, though I cannot expresa this cor\action d 
mine too strongly, I miistt carefally gtiard mj 
against the supposition that I intend to surest 
no such thing as Aliic^enesis ever has taken place S" 
tfae past, or ever will take place in the future. With 
Oiganic chemistry, molecular physics, and physiologj,^ 
yet in their infancy, and pvery day making proc" 
StrideR, ] think it would be the height of presi 
for any mau to say that the conditions under whidt 
matter assumes the properties we call " vital " may 
not, some day, be artificially brought together. All I 
feel justified in affirming is, that I see no reaaou for be- 
lieving that the feat has been performed yet. 

And, looking back through the prodigious vista of 
tile past, I find no record of the commenoement of life^ 
and therefore I am devoid of any means of forming & 
definite conclusion as to the conditions of its appear 
anoa Belief, in the scieutific sense of the word, ia t 
serious matter, and needs strong foundations. To say, 
therefore, in the admitted absence of evidence, that I 
have any l>elief as to the mode in which the existing 
forms of life have originated, would be using words ia 
a wrong sense. But expectation is permissilile where 
belief is not ; and, if it were given me to look beyond 
the abyss of geologically recorded time to the stiE 
more remote period when the earth was paseiii^ 
dirougb physical and chemical conditions, Athich it 
can no more see again than a man can recall his in- 
fancy, I should expect to be a witness of the evolution 
of living protoplasm from nob living matter. I shoulil 
expect to see it appear under forms of great simplicity, 
endowed, like existing fungi, with the power of deter- 
mining the formation of new protoplasm from sucli 
matters as ammonium carbonates, oxalates and tar 
trates, alkaliue and eai-thy phosphates, and water, 
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vrithout the aid of light. That is the expectation to 
which analogical reasoning leads me ; hut I heg yon 
once more to recollect that I have no right to call my 
opinion any thing but an act of philosophical faith. 

So much for the history of the process of Kedi's 
great doctrine of Biogenesis, ^vhich appears to me, 
with the limitations I have expressed, to be victorious 
along the wliole line at the present day. 

As regards the second problem oflered to us by 
Redi, whether Xenogenesis obtains, side by side with 
Homogenesis — whether, that is, there exist not only 
the ordinary living things, giving rise to oflfepriog 
■which run through the same cycle as themselves, but 
also others, producing offspring which are of a totnlly 
different cliaracter from themselves — the researches of 
two centuries have led to a different result. That the 
grubs found in galls are no product of the plants on 
which the galls grow, bnt are the result of the intro- 
duction of the eggs of insects into the substance of 
these plants, was made out by ValUanioii, Reaumur, 
and others, before the end of the first half of the 
eighteenth century. The tapeworms, bladderworms, 
and flukes, continued to be a stronghold of the advo. 
cate^ of Xenogenesis for a much longer period. In- 
deed, it is only within the last thirty years that the 
splendid patience of Von Siebold, Van Beneden, Leuek- 
art, Kiichenmeister, and other helminthologists, haa 
succeeded in tracing every-such parasite, often through 
the strangest wanderings and metamorphoses, to an 
egg derived from a parent, actually or potentially like 
itself; and the tendency of inquiries elsewhere has all 
been in the same direction. A plant may throw off 
bulbs, biit these, sooner or later, give rise to seeds or 
Bjjores, wliich develop into the original form. A 
polype may give rise to Medusse, or a ijilvitKa* \» xcci. 
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Echinodenn, bal the Meduiw and tfae £cliinodena 

SVe rise to eggs which produce polyp<^« or plutei, and 
ey are therdore only stages in the cycle of lite of the 
hpecies. M 

' But if we turn to pathology it offers us some i? 
markablc approximations to true Xeuugenesis. 

As I have already mentioned, it has been known 
nnce the time of Vallisnieri and of Keatunur, that 
'galls ia plants, and tumours in cattle, arc caused 1>T 
insects, which lay their eggs in those parts of the ani- 
mal or vegetable frame of which these morliid istmo 
tures are outgrowthn. Again, it is a matter of familiar 
experience to everybody that mere pressure on tha 
fikin will give rise to a com. Now, the gall, the t» 
nonr, and the corn, are parts of the living body, which 
have become, to a certain degree, iodependentand difr 
tinct organisms. Under the influence of certain ex- 
ternal conditions, elements of the body, which should 
have developed in due subordination to its general 
plan, set up tor themselves and apply the uoui 
ment which they receive to their own purposes. 

From such innocent productions as corns and wart?7 
there are all gradations to the serious tumours which, 
by their mere size and the mechanical obstruction they 
cause, (destroy the or^nism out of which they are de- 
veloped ; while, finally, in those terrible structures 
known as cancers, the abnormal growth has aoqair»l 
powers of reproduction and mnltiplication. and is only 
morphologically distinguishable fit>m the parasile 
%vorm, the life of which is neither more nor less cloefr 
ly bound up with that of the infested orgnnisnt. 

If there were a kind of diseasetl structure, the histo- 
logical elements of which w»>re capable of mnintaining 
B separate and independent existence out of the body, 
it seems to me that the ehadowy boundary- butwei-.|| 
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morbid growth and Xenogenesis would be effaced. 
And I am inclined to think that the progress of dis- 
covery has almost bmuffht us to this point already. I 
have been favoured by^llr. Simon with an early copy 
of the last published of the valuable " Reports on tne 
Public Health," which, in his capacity of tneir medical 
officer, he annually presents to the Lords of the Privy 
Council. The appendix to this report contains an in- 
troductory essay *' On the Intimate Pathology of Con- 
tagion," by Dr. Burdon Sanderson, which is one of the 
clearest, most comprehensive, and well-reasoned dis* 
cussions of a great question which has oome under my 
notice for a long tuna I refer you to it for details and 
for the authoritiea for the Btatements I am about to 
make. 

You are familiar with what happens in vaccination. 
A minute cut is made in the skin, and an infinitesimal 
quantity of vaccine matter is inserted into the wound. 
Within a certain time a vesicle appears in the place of 
the wound, and the fluid which diateuda this vesicle is 
vaccine matter, in quantity a hundred or a thousand- 
fold that which was originally inserted. Now, what 
has taken place in the coiirse of this operation ? Has 
the vaccine matter, by its irritative property, produced 
a mere blister, the fluid of which has the same irrita- 
tive property ? Or does the vaccine matter contain 
living particles, which have grown and multiplied 
where they have been planted ? The obBcrvatioup of 
M. Cliauveau, extended and «>nfinne*l by Dr. Sander- 
son himself, appear to leave no doubt upon this head. 
Experiments, smiilar in pnnrijjle t<i tliose of llelmholtz 
on fermentation and piitrefai^tion, have proved that th(* 
active element in the vaccine lymph is non-iliffusible, 
and cousiats of minute particles not exc^iedinfi: yTi+mith 
I of an inch in diameter, which are made viHiUu in tlw 
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lympli l)v the inirros^'ope; Similar exporimciits hsre 

SrovtJ tbftt two of the mofit destructive, of epizootic 
Iseasea, eheep-pox and glanders, are also dependent 
for tlieir existence und their pr(»pay;Htinu upon extreme! v 
email living solid particles, to wliieli tlie title oi mi- 
crozyjites i* applierL An animal Buifering under eitli«r 
of tliese temlilc dittt^ases \a a source of infection and 
eontagion to olhera, for precisely the same reason as a 
tuh of fermenting beer k capable of propagating^ its 
femientatiuu by "infection," or "«)ntaaina,'* to fmli 
wort. In Ixttli canes it ia the solid living partideH 
which are effi^ent; the liquid in which they float, and 
at the expense of which they live, being altt^ther 
passive. 

Now arises the question, are these microzymea the 
results of M&aiogen^sis, or of Xmiogene^is; are they 
capable, like the Topulw of yeast, of arising only by tlie 
development of pre-existing- germs ; or may they be, like 
the constituents of a nut-gall, the results of a niodifioi- 
tion and individualisation of the tisaues of the body in 
which they are found, resulting from the operation of 
certain conditions! Are they parasites in the zoolo- 
gical sense, or are they merely what Virehow ha-i 
called " heterologous growths **l It is obvious that 
this question has the most profound importance, 
whether we look at it from a practical or fixim a tbeo. 
retical point of view. A paraeit* may be stamped out 
by destroying its germs, but a pathological product 
can only be annihilated by removing the conditions 
which give rise to it. 

It appears to me that this great problem will have 
to be solved for each zymotic disease separately, fbi 
analogy cuts two ways. I have dwelt upon the anal* 
ogy of pathological modification, which is in favour of 
the xenogenetic origin of microzymes ; but I must 
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^wak of the eqnaUy stnmg analogies in fiiTonr of tii« 
origin of sQch pestiferous partides \(j the ordinary pn> 
cess of the generation of nke from 1^. 

It is, at jn«eent, a veO-established &ct that certain 
dlBeases, both of plants and of animals, which have all 
the characters of conta^oos and infectious epidemics, 
are cansed \sf minute organisms. The rannt of wheat 
is a well-known instance of sach a disease, and it can- 
not be donbted that the grape-disease and the potato- 
disease fell nnder the same cat^oiy. Among animals, 
insects are wonderfally liable to the ravines of con- 
tac;ioa8 and infections diseases caused by microscopic 

In autumn, it is not uncommon to see flies, motion- 
less upon a window-pane, with a sort of magic circle, 
in white, drawn around them. On microscopic exam< 
ination, the magic circle is found to consist of innu< 
merable spores, which have been thrown off in all 
directions by a minute ftmgus called EmpvbHa mv^cw, 
the spore-forming filaments of which stiuid out like a 
pile of velvet &om the body of the fly. These spore- 
forming filaments are connected with others which flU 
the interior of the fly's body like so much fine wool, 
having eaten away wid destroyed the creature's viscera. 
This 18 the full-grown condition of the Mnmtea. If 
traced back to its earlier stages, in flies which are still 
active, and to all appearance healthy, it is found to 
exist in the form of minute corpuscles which float in 
the blood of the fly. These multiply and lengthen 
into filaments, at the expense of the fly's substance ; 
and, when they have at last killed the patient, they 
grow out of its body and give off spores. Healthy 
flies shut up with diseased ones catch this mortal dia* 
ease uid perish like the others. A. most (!omj>et«nt 
obeerver, H. Ciohn, who studied the development of 
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the EmpJi^a in the fly very carefully, 
able to discover in what manner the smallest germs of : 
the J^niptt^a got into the fly. The spores cowld not j 
be made to give rise to such germs by cultivation ; nor ' 
Were such germs discoverable in the air, or in the foo^J 
of the fly. It looked exceedingly like a ca«e of Abi^f 
genesis, or, at any rate, of Xenogenesis ; and it is onlj^ 
quite recently that the real course of events has been 
made out It has been ascertained, that when one of 
the spores falls up<:)n the lx)dy of a fly, it bej^ns t-o 
germinate and sends out a process which bores its waj 
through the fly's skin ; this, ha\'ins: reached tlie int4 { 
rior cavities of its body, gives offtne minute floating 
corpuscles which are the earliest, stage of the Emjntsa. 
The disease is " contagious," because a healthy fly I 
coming in contact with a disensed one, frora which the 
spore-beariog filaments protrude, ia pretty sui-e t<» carry 
off a apore or two. It ie " infectious " because the 
sporei? become scattered about all sorts of matter in 
the neighbourhood of the slaiu flies^ 

The silkworm has long been known to be subject to 
a very fatal and infectious disease called the Mvscar- 
dins. Audomu transmitted it bv inoculation. This 
disease is entirely due to the development of a fViugna, 
Botrytis Ba8siana, in the body of the caterpillar ; and 
its contagiousness and infectiousness are accounted for 
in the same way as those of the fly-disease. But of 
late years a st-ill more serious epizootic has appeared 
among the silkwonns ; and I may mention a few fac ta , 
which will give you some conception of t<ie gravity e|H 
the inj ury which it lias inflicted on France aK>ue. ^^ 

The production of silk has been for centuries an im- 
portant branch of industry in Southeni France, and in 
the year 1853 it had attaiued such a magnitude that 
the annual produce of the French sericulture was esti 
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mated to nm»>unfc to a teotli of tliat of the whole "vvorld, ^| 
and repiesfiuted a money -value of 1 17,000,000 of fi-auca, ■ 
or nearly five millions sterling. What may be the sum H 
wliich would represeut the money-valup of all the in- ^| 
dustries connected vnth the worldngnp of the raw silk ^| 
thus produced is more than I can pietend to estimate, H 
Suffice it to say that the city of Lyons is built ujjoo H 
I'Veuch silk as much as Manchester was tipon Anienoaa ^| 
cotton before the civil war. H 

Silk^vorma are liable to many diseases; and even ■ 
liefore 1853 a peculiar epizootic, fi-equently acconipa- ~ 
nied ty the appearance of dark spots upon the skin ^j 
(whence the naire of " Pebrine" which it has receiv ^| 
ed), had been noted for its mortality. But in the " 
years following 1853 this malady broke out ivith such ^ 
ejrtreme violence, that, in 1858, the silk-crop was re- ■ 
duced to a third of the amount which it had reaoheii " 
in 1853; and, up till within the last year or two, it 
baa never attained h.'ilf the yield of 1853. This means 
not only that the gnrat nuiuher of people engaged id 
eilk-gi-owing are some thirty millions sterling poorer i 
than they might have been ; it means not only that 
high prieee have had to he paid for imported silkworm 
eggs, and that, after investing his money in theiri, in 
paying tor mulberry-leaves and for attendance, the cnl- 
tivator has constantly seen his silkworms perish and 
himself jilunged in ruin; Imt it means that the looms 
of Lyons have lacked employment, and that for years 
enforced idleness and misei-y have been the portion of 
avast population whicli, in former days, was indusi- 
ti'ious and well to do. 

In 18ri8 the gravity of the situation caused the 
Fi"eiich Academy of Sciences to appoint Comniissiouei-a, 
o*" whom a distinguished naturalist, M, dc Quatrcfagea,,^ 
was oue to inquire into the nature of tlii« diacase. and H 



'ATAJTSOtrS OSKERATtOV. S7| 
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if possible, to devise Kome means of staying tbe plague. 
la reading the Report' made by M. de QiiatTefages in 

1869, it is exceedlQffly intcrtsting to observe tbat bis 
elaborate study of tbe P^brine forced the conviction 
upon his mind that, in its mode of occiirrence and prop- 
afjation, the disease of the silk^vorm is, in every respect, 
comparable to the cholera among mankind. But it 
ditfera from the cholera, anil so far is a more tbrmidable 
disease, in being hereditary, and in being, imder aoiae 
drcumstances, contagious as well as iutectious. 

The Italian naturalist, Filippi, discovered, in t1 
blood of the silkworms alfected by this strange dJsea*.', 
a multitude of cylindi-ical corpuscles, each about iniW'' 
of an inch long. These have been careftilly atuaied oy 
Lfibert, and named by him Pankistopkyton ; for the 
reason that, in subjects in which the disease is strongly 
developed, the corpuscles swarm in every tissue and 
organ of the body, and even pass into the undeveloped 
eggs of the female moth. But are theae corpuscles 
causes, or mere concomitants, of the disease! Some 
naturalists took one view and some another ; and it was 
not until the French Government, alarmed by the con- 
tinued ravages of the malady, and the inefficiency of 
the remedies which bad been suggested, dispatched M. 
Pasteur to study it, that the question received its final 
settlement; at a great sacrifice, not only of the time 
and peace of mind of that eminent philosopher, but, I 
reOTet to have to add, of his health. ^d 

But the sacrifice has not been in vain. It is noiH 
ecrtain that this devastating, cholera-like P^brine i» , 
the effect of the gi'owth and multiplication of the Ptnu 
Ki%UypliyUm, in the sUkwonn. It is coutajrious and 
fectiouH because the corpuscles of the JPanhii^ophyion 
I paSH away from the bodies of the diseased caterpillar^ 

^^^ * Etnd«a mr les Maladiei ^^otiiellea itai Yen ft Sole, p. SS 
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directly or indirectly, to the alimentary canal of 1 
healthy silkworms in their neighbourhood; it is he- 
reUitai-y, because the corpuscles enter into the eggs 
while they are bein^ formed, and consequently are car- 
ried within them "wnen they are laid ; and, for this I'ua- 
»on, also, it presents the very singular peculiarity of 
being inherited only on the mother's side. Tliere ia 
not a single one, of all the apparently capricious and 
unaccountable phenomena presented by the Pebrine, 
but has received its explanation from the fact that the 
disease ia the result of the presence of the mici-oseopio 
oi^anism, Pmihi%(ophyton. 

Such being the facts with respect to the Pi5brine, 
what are the indications a? to the method of prevent- 
ing^ it ! It ia obvious that this depends upon the way 
in'which the PankMophit&n is generated. If it may ■ 
begeuomtedbyAbiogenesis, or by Xeuo^euesie, within 
tne silkworm or its moth, the estirpation of the dis- j 
ease must depend upon the prevention of the occurrence fl 
of the conditions under which this generation takes " 
place. But if. on the other hand, the Paiihisti^Aijtoih 
IS an independent organism, which is no more generated, 
by the silkworm than the mistletoe is generated by the 
oak or the apple-tree on which it grows, though it may 
need the silkwonu for its development in the winie 
way as the mistletoe needs the tree, then the indica- 
tions are totiilty different. The sole thin^ to be doue 
is, to get rid of and keep away the geima of the Pan- 
hutophyton. As might be imaginetl, from the course 
of his previous investigations, M. Pasteur was led to 
believe that the latter was the right theory; and, 
guided by that theor}', he has devised a methoo of ex- 
tirpating the disease, which has proved to be conii 
pletely successful wherever it has been properly 
ried out 



There chu lie no ren»m, then, for douliting tliat, 
among iusects, contagious and mfectious diseftflesirf 
great nmlignity are caiiseil by minute orgaaiams wbicb 
are prrniuecrl from pre-existing gt-nna, or by homogene- 
Bis; and there ia no rea-^n, that 1 know of, for believ- 
mg that what happens in insects may not take plan 
in the liighest amnuds. Indeed, there U already strong 
evidence that some diseases of an extremely malignant 
and liital character, to which man Is subject, are aa 
much the work of minute organisms m is the Pebriue. 
I refer for thia evidence to the very striking facts ad- 
duced by Professor Lister in his various well-kncwn 
publicfttious oa the antiseptic method of treatment 
It seems to me impossible to rise from the perusal of 
those publications without a strong conviction that 
the lamentable mortality which so frcrjuently doc:s the 
iV)otstej)s of the most skilful operator, and tliose deadly 
consequences of wounds and injuries which seem to 
haunt the very walls of ^.at hospitals^ and are, even 
now, destroying more men than die of bullet or bayo- 
net, are due to the importation, of minute organUms 
into wounds, and their iucrease and multiplurntion ; 
and that the surgeon who saves most lives will be he 
who best works out the practical couseijuences of the 
hypothesis of liedi, 

I commenced this Address by asking you to follow 
me m an attempt to trace the ^jath which has been fol- 
lowed by a Bcientifie idea, in its long and slow pn> 
gresa fi'om the position of a probable hypothesis to that 
of an established law of Nature. Our survey has not 
taken us into very attractive regions; it naa lain, 
chiefly, in a land flowing with the abominable, and 
peopled with mere grubs andmouldiaess. And it may 
be imagined with what smiles and shrugs pi-actical 
and serious contemporaries of Kedi and of Spallaaami 
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may have commeuted on the waste of their high abili- 
ties in toiliug at the sohitioti of proltlems which, thoTig;h ' 
ciirious enough in themselves, could te of no conceiv- 
able utility to mankind. 

Nevertheless, you will have observed that, before we 
had travelled veiy far upon our road, there appealed, on 
the right hand and on the left, fields laden with a har- 
vest of golden grain, immediately convertible into those 
things whleh the most sordidly practical of men will 
admit to have value — viz., money and life. 

The dii-ect loss to France caused by the Pt^brine in 
seventeen years cannot be estimated at less than fifty 
millions sterling; and if we add to this what Redi's 
idea, in Faatenr's hands, has done for the wine-grower 
and for the vxuegar-malcer, and tiy to capitalise its 
value, we shall find that it will go a lon^ way towards 
repairing' the money losses caused by the irighttiil and 
calamitous war of this autiunn. And as to the equi 
va,lent of Redi's thought in lil'e, how can we over-esti- 
mate the value of that knowledge of the nature of epi- 
demic and epizootic diseases, and consequently of the 
meaufl of cheeking, or eradicating them, the (iawii of 
which has assuredly commenced? 

Looking back no ftu-ther than ten years, it is possible 
to select three (18fi3, 1864, and 18(19) in which the 
total number of deaths from scarlet-fever alone araount* 
ed to ninety thousand. Tiiat is the return of killed, ^ 
the maimed and disabled being left out of sight H 
Why, it is to be hoped that the list of killed in the ~ 
present bloodiest of all wars will not amount to mora J 
than this! But the facts which I have placed before H 
you must leave the least sanguine without a doubt ~ 
that the natm-e and the causes of this scourge wil!, one 
day, be as well understood as th<)»o of the Pebriiie are 
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now; and that the long-suffered massacre of our innfr 
oenta will c*ome to an end. 

And til us mankind unll have one more admomtion 
that " the people perish for lack of knowledge ; " and 
that the ftlloviation of the miseries, and the promotjon 
of tlio welfare of men must be sought, by tuose wh^j 
will not loae their pains, in that diligent, patient, lo^f 
inej study of all the multitudinoua aspects of Mature" 
the results of which constitute exact knowledge, orsci- 
enoe. It is the justification and the glory of tnis ereat 
nif.etinpr that it is gathered together for no other object 
than the advancement of the moiety of science which 
deals with those phenomena of Natnre which we call 
physical. May its endeavours be crowned with a full 
meaiture of iBuoeedsl 
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